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AUTHOB-’S PREFACE. 


When the author published his ‘Outlines of Structural and Physio¬ 
logical llotany’ teii years ago, it was his intention to prepare a 
second volume devoted to Systematie Botany. Various circumstances 
concurred to prevent that plan from being carried into effect, among 
the most important of which were, first, the rapid advance made in 
certain departments of Structural liotaiiy soon after that date, which 
rendered a recasting of the existing volume desirable, and, secondly, 
the graduidly strength(uiing conviction, derived from expericvxce in 
lecturing, that the arrangement of the matter in the ‘Outlines' 
was not that, best adajited for the instruction of those for whose use 
it was intended. 

Notwithstanding that the author’s own labours have been chiefly 
in the field of Physiological llotany, he quite concurs with the 
opinion exprcssed^>y the distinguished authors of the ‘ Flora Indiea,’ 
who believe that disservice is done to the cause of Botany by ^ceu- 
p/ ing the attention of students in the first instance with the abstract 
parts of the sdence. The largest class of students of Botany arc 
those who pursue the subject as one included in th(‘ prescribed course 
of medical education. One short course of Lectur- s is devoted to 
this science, ami three months is coramoidy all the time allotted to 
the teacher for laying (be foundations and building the supi'rstrno- 
ture of a knowledge of Botany in the minds of his pupils, verj’ few 
of whom come prepared even with tlie nis'st rudimentary acquaint¬ 
ance with the science. To direct the a'ttont’,on of the student to a 
scries of isolated facts and abstract propositions relating to the ele- 
mentarj-anatomy of plants, is to ca;.v -, him to charge his memory or 
his note-book with materials in which he can take but little interest, 
from his incapacity to perceive their value or applications.. Some of 
the most important questions of Physiologj'are as yet-in no very 
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advanced state, and the conflicting evidence «n many of these cannot 
be propel^ appreciated without an extensive knowledge of plants. 

endeavour to seize the floating conipptions furnished by 
coftmon experienee, and to fix and define them by a course of exact 
practical observation of the more accessible characters of plants 
(showing the relations of these as they occur in different divisions of 
the Vegetable Kingdom), we ^tlace the student in a position which 
enables him to proceed at once with an imjuiry into the iR-culiarities 
of the plants he meets -with, and in this way to acquire a fund of 
jiractifal knowledge, which is not only absolutely re(]uislte before 
entering on abstract iiupiiries, but is especially calculated to secure 
his permanent interest in the study. 

Physiology is undoubtedly of the highest im[)ortanee, and from 
its nature is that part of the Science which, were it not for the 
above difficulties, would with most advantage be t.aught by Lectures. 
If thc*previous education of medical studemts prepari'd them, as it 
should, with an elementary knowledge of the Matural Sciences, m’c 
should make Physiology the most cons])icuous feature of a course 
of Botany in a Medical School. In the meantime we subordinate 
it to the other branches in practical teaching, and in this volume 
have dealt with it in what wo regard as its proper place in the order 
of study. 

A^ompendious manual of a science makes peculiar demands n])ou 
the powers of an author. Originality of matter has little place. 
The exercise of judgment and conscientiousness in examination of 
original sources are everywhere demanded; and these are of course 
most beneficially employed when they rest upon an extensive basis 
of practical experience, ilueh care and labour have been ex])endcd 
in the preparation for, and execution ot, tin? present volume; and the 
author trusts that his experience as a teacher may ])rove to have 
enabled him to produce «good working text-book for the studetit, 
from which may be obtained a groundwork of knowledge in all 
branches of the Science,'without the attention being div<'rtcd from 
the more striking features ofMie subject by de'ails comparatively 
unimportant. 

ARTHUR HEXFRKV. 

London, June 1857. 



Ei)ITOE’S PREFACE. 


Thb Editor’s duty in supurintcriding tlie publication of this volume 
was clear, though its execution has proved onerous. To revise 
the whole w'ork, to eliminate ])assages which the progress of Bota¬ 
nical Science had rendered obsolete, to insert new material, and 
to endeavour, ns far as circumstances would allow, to render the 
book as good an exponent of the state of botany at the present time 
as the previous edition w’as at the date of its publication,—such was 
the course laid down to be followed. To this end Professor Hen- 
frey’s text has l»een left intact in all cases where this could b^done 
without compromising its value. In particular those portions which 
have spceifil interest as embodying the results of the lamented 
author’s original researches have- been carefully retained. 

Little alteration and comparatively slightadditions have been needed 
in the chaj)ters relating to Morpholog}' and Physiological Anatomy. 
The latter department es])ecially was so thoroughly investigated by 
the author that it is no matter for wonder, though assuredly it is 
for congratulation, that modifications, relatively unimportant, wen? 
all that ap[)('ared neccssar}' in the portion of the work devoted to 
this subject. Professor Ifcnfrcy in his lifetime was the almost 
solitary representative in this country of Physiological Anatomy. 
Certainly no Englishman has of late years earned in this special 
department so well founded a reputation, and great has been the 
loss to hlnglish sciciiice from his proraature decease. 

In other sections the changes have necessarily been greater. The 
systematic description of the NafuraJ Orders has been condensed, 
and to some extent recast, especially 'as regards the Cryptogaraia. 
In his knowledge of this latter class of plants the author was also pre¬ 
eminent ; but the additions to this department of Botanical science 
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have been so great and so important, that considerable roconstnic- 
tion has been necessary to bring the work up to the present time; 
but here, as elsewhere, wherever it has been ^ucticable to do so, 
Prpfessor Henfrey’s views have been scrupulously regarded. 

It wiU be seen that, in the portions relating to fiystematic Botany, 
frequent reference has been made to the views of Messrs. Bcntham 
and Hooker on the affinities af the various families of plants. The 
volume of the * Genera Plantarum ’ already published by those 
distinguished botanists, and which it is to be hoped will speedily be 
followed by the remainder, hat served as a guide so far as its limits 
have allowed. In the case of the orders not ineliided in the above- 
named volume, the Editor has availed himself of the ‘ Flora .\ustra- 
liensis ’ of Mr. Bentham, this second edition of Dr. Harvey’s ‘ Genera 
of South-African Plants,’ edited by Dr. Hooker, as well as of 
manuscript notes kindly placed at his disposal by the latter gentle¬ 
man, In this manner it is hoped that a general idea of the news 
of those eminent botani.sts as regards the affinities of the larger 
groups of plants may be obtained. 

Great progress has been made in matters pertaining to physiology, 
especially in Gennany and France, since the publication of the 
original edition; and hence a corresponding amount of labour has 
becn'bestowed by the Editor on those portions of the book allotted 
to the consideration of those subjects. 

The sections relating to geographical and geological botany are, 
in a student’s manual, necessarily treated merely in outline; and 
hence they have been.left nearly as written by the author, ^ith a 
few requisite additions and modifications. 

By means of careful condensation, redisposition of material, and 
different typographical arfangcment.s, a large amount of new m.atter 
and some additional illustrations have been added, without materially 
increasing the size of the volume. In this, as in all other matters, 
the convenience of the student has been carefully considered. 


June 1870; 


M. T. M. 
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INTRODUCTION. 

SECT. 1. OBJECTS AND SUBDIVISIONS OF THE SCIENCE. 

I. Botany is that department of Natural Science which deals 
with Plants; a knowledge of it consists of an acquaintance ■with 
a body of accurately observed facts connected ■with the Vegetable 
Kingdom, and ■with the laws which have been deduced from them 
as expressions of the order and relations in which they present th»m- 
sclves in nature. 

No attempt is here made to define a plant, so as to separate the abstract 
conception of this kind of being from that of minerals and animals; for an 
absolute and exact definition cannot be properly comprehended without a 
familiarity ■with a large portion of the matters which it is the object of 
the present treatise to teach. At the outset we must be content with 
the conception of a plant furnished by the previous experience of the 
student; this will be enlarged and at tiie same time rendered clearer by 
the study of the following pages; and after the more important principles 
of phy.siology have been expounded, something like a satisfactory dehni- 
tion may be attempted. 

2. Botany is divisible into two principal departments :—theNatnral 
History of Plants, which deals with the characteristic phenomena 
presented by the individual kinds of plAits; and Philosophteal Botany, 
the object of which is to ascertain the general facts and laws which 
may be reeognwcd as pertaining to more or less^coneuderablo as¬ 
semblages of plants. * , • ’ 

rhiloeophicol Botany represents tbb pim science; and it is with the 
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departments of tWs we have chiefly to do iij this work. The Natural 
History of plants, which in early times constituted- the whole science, 
resolves its^, at the present time, into a number of distinct branches of 
Ap^ied or PracUcal Botany. ’ • 

( 3. Philosophical Botany includes the following departments:— 

I. jUJwrpMogy, or Comparative Anatomy of plants, consisting of 
the study of the forms of the organs, or physiologically diverse parts 
of plants. 

II. Elementary or Physiological Anatomy : the study of the tissues 
and the intimate structure of the organs. 

With these two are conveniently associated the Terminology, or 
technical language of Botany. 

III. Physiology : the study of vital phenomena, including those 
specially characteristic of plants, and also those which arc common to 
the animal kingdom, as well as the consideration of the general 
eosmical agents pertaining to the mineral kingdom equally with 
the two others. 

IV. Classification, which is the study of the mode of placing the 
kinds of plants in groups and series of groups so as to express in 
an abstract form their mutual relations and their degrees of perfec¬ 
tion in organization. This department includes the Prhu iyles of 
Descriptive Botany, and of the Nomenclature of kinds and classes of 
plants. 

As all natural.science is founded on experience, the exposition of the 
laws and generalizations belonging to the foregoing -departments must 
necessarily be accompanied by more or less extended descriptions of 
matters or fact; so that much of the material belonging to the Natural 
Hiltory of Plants, or Applied Botany, must be included under these heads. 
This is especially the case in the department of Chm^cathm, where on 
minor grounds it is advisable to associate the tabular arrangement of the 
groups with a. systematic sketch not only of the botanical diaracters, but 
of the general history of the principal Natural Orders of plants. 

4. Applied Botany is divisible into many departments. That most 
closely connected with Philosophical Botany is Descriptive Botany, 
which is the art of describing the specks or particular kinds of 
plants in technical language, in such a manner that they may be 
readily recognized by botanists. Special works arc commonly de¬ 
voted to this branch, and very commonly these confine themselves to 
the plants of a limited area, as a particular country or even province; 
such books are called Ploras. Pharmaceutical Botany treats of the 
medicinal, nutritious, or poisofious properties of plants. Vegetables 
poss^ing such properties arc generally included under the head of 
Materia Medica,do which subject special treatises are also devoted. 
Agricultural, Horticultural, and Economic Botany are often treated 
as distinct subjects: the first twe arc founded on the application of 
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the principles of Physujlogical Botany; the laat on the astertained 
facts of Comparative and Elementary Anatomy, and on the combina¬ 
tion of these facts with chemical and mechanical knowledge. 

None of these departments of Applied Botany receive separate trejt- 
ment in this work, although incidental reference is made to them >to 
indicate the application of the laws and facts of philosophical Botany 
to them. 

5. Botanical Geography and Botanical Geology (or Palaeontology') 
arc mixed studies, founded on the association of the results of pure 
and applied Botany with those of other sciences: the first is related 
most closely to Physiological Botany, but has some problems mi 
generis, to be solved only by independent facts and observations^ the 
second has some very interesting relations with the Scientific Classi¬ 
fication of plants. These two departments require a brief separate 
treatment in a text-book of Botany, as applications of the science 
having a peculiar philosophical interest. 

6. The characters of the principal divisions of the Vegetable 
Kingdom being morphological as well as physiological, while those of 
the subordinate divisions arc almost purely morphological, the study 
of the Physiological Anatomy and the Physiology of Plants admits of 
being postponed in an elementary course of study, imtil after a 
general examination of the characters of the Classes and Orders of 
plants has been made,—an arrangement •which is found very ad¬ 
vantageous in teaching, since it imstponcs the consideration of 
the more abstract questions until the student has made some con¬ 
siderable advance in a general knowledge of Botany. 

In the present work, therefore, the different departments arc 
treated of in the following order :— * 

Part 1. Morpholooy, or Comparative Anatomy of Plants. 

,, 2. Systematic Botany. 

„ 3. Physiology, including Physiological Anatomy. 

„ 4. Geographical and Geological Botany. 


SECT. 2. GENERAL CHARACTER OF THE METHODS AND 

MEANS USED IN THE STUDY OF BOTANY. 

« 

7. The study of the morphology of plants, to which the first Part 
of this volume is devoted, necessitates little more than a supply of 
fresh plants, a penknife, and a pocket magnifying-glass of moderate 
power. Hoots, stems, and leaves rdtjnire no preparation; and the 
dissection of most flowers is a very simple operation. The majority 
of the characters of many flowers may bo observed by simply re- 
mo'ving successively the calyx, corolla, and stamens witfi a ptulinife, 
and by examining the pistil or pistils by perpendicular and cross 
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slices. Peipendicnlar sections of entire flownrs are very instructive; 
and horizontal sections through unopened buds, berth of leaves and 
flowers, are likewise necessary for the examination of the relative 
position of the organs, and of the vernation and ajstivation. When 
hfweia are extremely minute, and also in the investigation of the 
structure of ovules and seeds, the simple microscope becomes almost 
a requisite. This instrument consists essentially of a stand, pro¬ 
vided with a moveable arm supporting a magnifying-glass over a 
stage upon which the object .is laid, so that both hands may be at 
liberty for its dissection. The stage is an open frame, upon which 
a slip of glass rests, and the object to be examined, lying on the 
glass, slip, maybe illuminated by a smaU mirror beneath sending 
light ihroxujh it, or by a condensing lens at the side bringing a 
bright spot of converging rays vpon it. The dissection is effected 
with a fine dissecting scalpel and needles: the simplest dissectiug- 
needles are made by forcing the heads of sewing-needles into the 
cedar sticks used for camel-hair pencils, securing them with a little 
sealing-wax. 

8. In pursuing the study of Systematic Botany, the same means 
are used, the only difference being that the investigation of each 
flower is carried out in detail, so as to ascertain aU its characters, 
with a view to determine its special peculiarities and its relations 
to other plants. It is a very useful and improving exercise for the 
student to make a thorough analysis, and to write down in full the 
characters of the plants he meets with, before searching in books for 
their names, and also to do the same with known plants, and then 
to compare the characters thus drawn up with those given in au¬ 
thentic works. 

Q. To those who follow out Systematic Botany in detail, and wish 
to gain acquaintance with the species of plants, it becomes necessary 
to have access to an Herbarium —that is, a collection of plants so 
dried that the specific characters, at least, are preserved. In many 
cases, if the cb^ng has been carefully effected, the generic cha¬ 
racters may be ascertained by soaking the flowers in hot water, 
when they become softened and the parts separable, like tea-leaves 
after infusion. Herbaria furnish materials for the comparison of 
plants, as it is seldom tharf; a number of species of one genus can be 
obtained in a fresh state at one time. Persons living in the country, 
and studpng the British plants, will find it indispensable to form a 
collection of dried specimens. 

Plants are dried by laying tl*m out smoothly when fresh between 
several folds of paper (either stout blotting-paper, or, still better, 
what is called “ Botanical paper,” made for the purpose), and sub- 
mittingrthein to pressure by means of weights laid on a board. The 
damp paper must be frequently-replaced by dry sheets, and when 
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the plants are quite di^, they may be fixed to half-sheets of white 
paper, with a little thin glue, or by simply attaching them by bands 
of gummed paper, 51 * by stitching. The best kind of paper is stout 
white cartridge, of dmy size; some prefer a stout writing-paper, 
rather smaller, of the same size as lawyer’s “draft’’-paper. Oifly 
one species should bo placed upon one half-sheet; the name should 
be written on the lower left-hand corner. The half-sheets contain¬ 
ing the species of a genus may be placed in a sheet of the same 
pn])cr, the name of the genus being written outside, likewise at the 
left-hand bottom corner. These sheets may be kept in drawers of 
a cabinet, or tied up in bundles, between covers of stout pasteboard. 
It is advisable to poison the dried plants with a solution of cortosive 
sublimate in spirits of wine, as some of them are very liable to be 
devoured, especially their flowers, by insects of various kinds. Plants 
preserved in herbaria, especially if rare or local species, should always 
have the place where they have been gathered carefully noted. 

10. The study of the Elementary Anatomy and the Physiology 
of Plants opens up a far more extensive field for the emplo 3 rment of 
instruments and technical manipulations. 

1 1. First of all, a compontul mkroicope is an essential. For the 
student, magnifying-powers of 1 -inch, -^-inch, and |-inch are amply 
Buffieiciit, although the more abstruse questions require the most 
perfect and powerful instruments that can be obtained. For general 
students’ use the binocular microscope has no advantage over the 
ordinary instrument. 

The tissues of plants arc observed for the most part by means of 
extremely thin slices passing in various directions through the struc¬ 
tures. These are usually best made with a razor. Stems, pieces of 
wood, and other firm objects, when being cut, may be held in the 
finger and thumb of the left hand; delicate and thin structures, like 
leaves &c., should be i)laced between the two halves of a split cork, 
or rolled round the edge of a cork, and the cork supported by stick¬ 
ing it in the nock of a vial or test-tube, which serves as a handle. 
Seeds and similar small objects may be fixed, for slicing, on a piece 
of white wax. Whore it is not imperative to examine the tissues 
in xitu, small portions may be softened by boiling in water. 

Sometimes it is useful to obtain prepwations by macerating the 
softer tissues, cither in water, or weak acids. In the case of woody 
structures recourse may be had to an opersTlion which requires a 
little care: a fragment of the wood^s to be placed in a watch-glass 
with a morsel of chlorate of potash, to which a drop or two of nitric 
acid is added by means of a glass r^, the whole being gently heated 
for a minute or two, and water being poured on to prevent complete 
solution. The fragments macerated in any of these wap being 
placed on a slip of glads bepeath the simple microscope, the ele- 
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mentary organs miay be picked out with a n'eedle .or extremely fine 
camel-hair pencil, under a simple lens of ^ or ^-inch focus, and re¬ 
moved to a clean slide. ', 

tThe thin slices, or the fragments of maceraiod tissues, should bo 
laM upon a slip of glass, a drop of water added, and a thin glass 
cover laid on. They may then be examined under the compound 
microscope. Objects of microscopic dimensions, such as minute 
Algm, Fungi, pollen-grains, &c., require no preparation. 

It is very instructive to ap][)ly chemical reagents of various kinds 
to the objects lying in water upon the microscopic slide. Dilute 
sulphuric acid is often useful to coagulate protoplasmic structures, 
and to clear delicate tissues; when this is added first, and afterwards 
solution of iodine, the younger cellular structures turn blue, while 
the older ones become deep yellow. Iodine alone colours starch- 
grains blue. Sugar and nitric acid colour the protoplasmic struc¬ 
tures red. These reagents may be applied by means of dro])ping 
from a glass rod or fine tube. It is often advantageous to soak the 
sections for some hours in a solution of pure carmine in ammonia 
diluted with water. The nuclei and coU-contents become tinged 
with the carmine, and can thus be more rcadil.y distinguished from 
the cell-wall. More particular reference will be made to them in 
the chapters on Anatomy. Microscopic preparations of soft vegetable 
structures are best preserved in glycerine or strong solution of chlo¬ 
ride of calcium. Some objects are advantageously mounted in Canada 
balsam; these must be well dried first, and, for a few days previously 
to mounting, should be soaked in spirits of turpentine. 

T^ose who desire to obtain minute instructions on the manipula¬ 
tions necessary for the study of Vegetable Anatomy, may consult 
Schacht’s ‘ Mi^oscope,’ translated by Currey, or the articles on these 
subjects in the ‘ Micrographic Dictionarj'.’ 

In physiological investigation various pieces of philosophical appa- 
t-atus arc requisite. It will suffice to notice these when their appli¬ 
cations ore mentioned. 



PART I. 


MORPHOLOGY, 

OB 

COMPARATIVE ANATOM. 


CHAPTER 1. 

GENERAL MOIIPIIULOQY. 

12. The functions of plants licing comparatively simple and, 
to speak in general terms, limited to those of nutrition and repro¬ 
duction, the physiological classes of organs are fetv. The immense 
diversity which ])rm'nts itself in the YT'getable Kingdom depends 
chiefly upon varieties in the form of organs performing simihir 
functions. In addition to this, the organs of plants arc displayed 
externally, not enclosed in eavitios, or surrounded by an integument 
or shell like that of animals, so that the external 'fcnns of plants 
furnish a guide to the discrimination of their most essential dis¬ 
tinctive characters. 

Sense and volimtary motion being absent in plants, and their organic 
life being of a diffused character, they are without the nervous system 
and the organs subservient to it, and without the connected system of 
blood-ve.ssols, by which, in the majority of animals, the unity and inter¬ 
dependence of the nutritive processes are yiaintained. Plants consist 
simply of oigans of absorption, digestion, respiration, and repniduction. 
all composed of compamtively uuifonn elementary tissues, and supported 
by a solid framework or skeleton, which is strikingly developed 

according to the number of organs associated in one community, and 
more diverse in its mode of constmefiou according to the variety and 
complexity of the physiological kinds of organs. 

13. The organs of plants are not only of few physiological kinds, 
but their variations in form depend on secondary modififtations of a 
very few fundamentally diverse elcmeuts. The object of Vn^table 
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Morphology is to ascertain what these elemeEts are, and to trace out 
the laws under which they acquire the different forms which they 
present in fully developed plants. 

Jhe methods of Morphology consist in the comparative study of the 
forma of organs throughout extensive series of plants, the study of nisl- 
formatiops ariainfr trom arrested or excessive |[frowth (terato/oi/y), and, 
most important of all, the study of the progressi ve development of plants 
from their embrj'onic forms (organogeny'). 

14. The plants most familinr to uninstnicted persons belong to the 
highest classes of plants, and exhibit the greatest morphological 
complexity. This complexity arises not from the number of the 
organs, but from the more clearlj* defined limitation of the various 
physiological functions to the different organs, which are thus more 
specialized, while at the same time the organs are, anatomically 
speaking, more intimately combined together into a connected whole, 
and the reproductive powers are more individuaUzod and concen¬ 
trated at particular centres. 

The foregoing may be comprehended by contrasting any ordinary 
Flowering plant, having distinct blossoms and seed-bearing fruit, with a 
Fern, where the firuit is home upon leaves generally of the usual cha¬ 
racter, and again with a Sea-weed or a Lichen, in wliich there is not 
even any distinct separation between stem and leaf-structures, and no 
leaf-buds exist. 

15. In Flowering plants we readily distinguish, in all stages of 
life beyond the very earliest, two distinct kinds of product of tho 
growth, viz. a stem or axis, and lateral organs, of various but always 
definite kinds and forms, such as leaves &c., which arc unfolded from 
the “buds of this axis, and become what we may call its appendages. 
In Sea-weeds, Lichens, and Fungi, there Ls no really similar diver¬ 
sity of parts ; the axis alone is represented, always devoid of leaf- 
buds, and therefore of proper appendicular organs,—the axis itself 
assuming most varied forms, often more or less approaching those of 
true leaves, but never exhibiting a distinct separation into two kinds 
of vegetative structure such as characterizes the higher plants. A 
distinctive name is given to that class of axes which exist without 
appendicular vegetative organs. Such products as the leaf-like expan¬ 
sions of Sea-weeds, the scile-like plates or crusts of Lichens, or tho 
flocculent “ spawn ” of Fungi, performing at once the function of stem 
and root and leaf, represent what is technically termed a t hallus . 
Plants characterized by the possession of this kind of vcgctalive 
structure are called Thallophyfh, and arc contrasted with all tho 
higher plants exhibiting the coexistence of stem and leaf, which are 
called Axophyta, or Cormophyta (from cormus, a stem). 

16. But ’the Axophyta arc again distinguishable into two very 
well-marked groups, by the characters of the reproductive organs. 
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■which, moreover, comtect the lower of the two groups with the 
Thallophyta. The Thallophyta and the lower Axophyta (including 
Mosses, Ferns, and allied classes) are reproduced by apQzis, a simple 
kind of seed, in which no embryo or rudimentary plant exists at ^e 
period when it is thrown off by the parent. The higher Axophj^ 
are reproduced by true s«c(st, which are far more highly organized 
bodies than spores, and which are especially characterized by the pre¬ 
sence of an embryo, or rudimentary plant, which is developed within 
them wliilc the seed is still contained iA the parent fruit. The latter 
division also is characterized by the possession of flowers, while the 
spore-bearing Axophyta are flowerlcss, like the Thallophyta. 

From this crossing of the characteristics, according as we seledt the 
vegetative or the reproductive organs as the marks of our divisions, it 
becomes a matter of choice, as it -were, how we shall define our principal 
groups, in drawing up a systematic plan of the Vegetable Kingdom. As 
long as it was supposed that the lower plants wore asexual, it was more 
phiiosoplucal to select the vegetative organs, as the most generaL Now, 
however, that there is no doubt of the existence of distinct sexual organs 
throughout all plants, it is more correct to take the reproductive stouc- 
tures for the enameterization of the higher groups, since they are of 
greater physiological importance than the vegetative organs. 

17. In the following Table the primarj’groups are founded on the 
characters of the bodies by which plants are reproduced (seeds and 
spores). The complex organization of seeds enables us to use sub¬ 
ordinate characters of the same organs for father subdivision in the 
higher class; in the lower group, however, the simplicity or uni¬ 
formity of the structure of spores only allows us to proceed one step 
in this direction, and we arc forced to have recourse to charasters 
derived from other sources. The mode of occurrence of the sexual 
organs affords very good characters iii the higher Flowerless plants; 
but with regard to the Thallophyta, in the present state of our 
knowledge, we arc compelled to resort to characters of habit, which 
however, mark out tolerably well the natural subdivision of these 
plants. 

In the following Table the links placed at the sides indicate the limits 
of the groups known bv the names of Phanerogamia, or Flowering Plants, 
and Cryptuyamia, or Floworless Plants, on ^ one hand, and of Ax<^hyta 
^or Cormophuta), Plants with stems, and naUophyta, or Plants ■without 
opposition of stem and leaves. 
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18. By far the greater portion of the plants useful to man belong 
to the Spcrmocarpbus division; and this includes also the most conspi¬ 
cuous and familiar forms of vegetation. Hence it is desirable that 
fie Flowering plants should occupy a principal place in an elemen¬ 
tary work, and, moreover, that they should be examined in the finst 
instance, before the student is led into the study of-thenjore ob¬ 
scure and minute characters of the Cryptogamia. But the study of 
Cryptogamous plants is indispensable te the vegetable physiologist; 
while it forms an interesting department of the morphology of plants, 
and must receive a certain share of our attention. It will be foimd 
most convenient, however, to leave the Cryptogamia completely out 
of view in our preliminary examination of the morphology of the 
rhancrogamia, reserving even the differential characters of the two 
great di\isions until we have completed the investigation of the 
positive characters of the Flowering plants. 


CHAPTER 11. 

MORPHOLOGY OF THE PILiNEROGAMIA. 

Sect. 1. Oexeeal Obseevations. 

19. In any ordinary Flowering plant we readily recognize some 
of the most important characters of the organization. Taking the 
plant as a ■whole, we find a stem, furnished below 'with roofs to fix it 
in the ground and absorb nourishment, and clothed above with green 
leaves, which are kno'wn to bo the organs of respiration and digestion. 
Taken together these constitute the system of vegetative organs, more 
or less complicated in their development and arrangement in difiTerent 
cases, and concerned in the nutrition and enlargement of the indivi¬ 
dual plant (in the familiar sense of that term). At certain seasons 
we find, superadded to the foregoing, a system of oi^ans constituting 
the blossom, and consisting of the reproductive organs, provided for 
the production of seeds, the “ eggs,” as it were, of plants, from which 
new independent individuals may be raised. • 

20. The blossom, or inflorescence^ consists of one or more fleers, 
which, as will bo shown hereafter, are composed of various kinds of 
peculiarly modified foliar appendages, more or less blended together 
into compound organs. For our present purpose it jviU suffice to 
describe the general and essential characters of the pfiMs'found in 
true fiowtms. 
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Fig. 1. 


21. The outer covering of complete flowes# consiats of a circle of 
leaf-like organs, most frequently of greou colour, 
and often united together below to form a kind 
of cup; this cup or circle of leaf-like organs is 
caQed the calyx, and its component parts are 
the sepals. Within the calyx of complete 
flowers we find one or more circles of ordinarily 
larger, but more delicate, and generally brightly 
coloured leaves; these are likewise united to¬ 
gether below in many flowers; they form col¬ 
lectively the corolla, and the individual parts 
are egUed petals. 

Examples of the above mav be found in the 
Ileartsease, the Chickweed, the Primrose, &c., 
where there exbt a green calyx and a coloured 
corolla. In the Tulip the outer parts of the 
flower consist of six similarly coloured organa, 
resembling ordinary petals; while in the Dock 
they are six greenish sepal-like organs. A close 
examination shows, however, that both kinds of 
organs stand in two circles of three, one within 
the other: hence many authors regard them as 
representing a calyx and corolla of like structure; 
other authors give the double circle the collective name of perianth or 
perigone. These irregularities will be treated of more at length hereafter. 
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22. The calyx and coroUa have no essential share in the produc¬ 
tion of the seeds; they merely surround and protect the more im¬ 
portant organs, either temporarily, or as entering more or less into 
the (fomposition of the fruit. The collective term floral envelopes is 
therefore commonly applied to the calyx and corolla taken together; 
and either one or both of these may bo absent in flowers which are 
perfectly capable of producing seeds. 

23. Within the petals are placed the stamens, or male organs of 
flowers, consisting of more or less club-shaped bodies called anthers, 
usually supported upon thread-like stalks called fllaments. The 
essential character of an anther is that it contains, and ultimately 
discharges, the fine dust-like fertilizing globules called ptollen. 

24. ^e centre of the fle^er is occupied by thepwttZ or pistils, the 
female or seed-hearing parts of the flower. Pistils are formed of 
foliar organs corresponding to sepals, petals, and stamens, and called 
carpels; but these are not always so readily distinguishable, on 
account of their varying number and d^^e of union, consequent 
upon their being crowded at the apex of the flower-stalk. The 
distinguishing character of a carpel is that it bears ovules or rudi¬ 
ment^ ’seeds. 

25. As the stamens famish the pollen by which the ovules are 
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rendered fertile, the tvre sets of organs, stamens and carpels, are con¬ 
sidered as essential Organs pf flowers, without which the purpose of 
the whole structure^ could not bo performed. 

In some flowers, such as those of the Hj^drangea and the Snowball-bush 
( Viburnum Opulus), there is a tendency m cultivation to the abortion of 
the stamens and pistils; so that the flowers become neuter, or totally 
barren, lint in many plants it is the natural condition for the stamens 
to occur in distinct flowers from the pistils, so that the individual flowers 
are imperfect, male or female; we have •examples of this in the plants 
of the Cucumber family, and also in most of our native forest-trees, such 
as the Oak, Beech, Ilnzel, Poplar, &c., where the stnminate and pistillate 
flowers are collected in separate bunches or catkins, of which the stami- 
nate fall off soon after the pollen has been discharged. 

26. Tho carpels, the essential organs of a female flower, present 
themselves in two conditions in Flowering or Seed-bearing plants; 
and these two conditions form tho basis for the primary subdivision 
of this group. 

27. In by far tho majority of flowers the carpels are folded up so 

as to form hollow cases, in the interior of which the ovules are 
enclosed. In such instances the pistil is divisible into regions, of 
which the lower hollow portion, called the ovary, is the most impor¬ 
tant; vcrj* frequently a stalk-like process, the style, is prolonged 
upward from its summit, terminating above in a more or less thick¬ 
ened head, called the stigma, which marks tho position of an orifice 
leading down through tho tubular stylo into the cavity of the ovary. 
In many cases tho stigma is seated immediately upon the top of the 
ovary, without an intervening style (Poppy, Tulip). Plants bear¬ 
ing their ovules in such closed ovaries arc called Angiospermoui, or 
coVered-seeded. , 

28. In Pinos, Firs, the Yew, Juniper, and in the exotic family of 
the Cycads, the sexual organs occur in distinct flowers; and these 
flowers are not only devoid of proper floral envelopes, but reduced 
respectively to single stamens and single carpels, mostly collected 
into male and female cones, Tho anthers of the male cones produce 
pollen, and tho carpels of the female cones produce oiniles; but the 
carpels occur in the form of open scales, and the oviiles are borne, 
naked, upon tho surface or the free margins of the carpels, so that 
the poUen reaches them at once, witjiout passing through a stigma 
and stylo. Plants with flowers of’tiyb kind, .with which are asso¬ 
ciated many peculiarities in the mo^w development of the embryos, 
are called Qymnospermous, or naked^^Meded. 

Much difference of opinion still exists among botanists as to the true 
nature of the female flower in Qymnospenns; but for the present the above 
explanation will suflice for the student 

29. Thb Angiospermia, comprehmiding the great body of the 
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Flowering plants, are separable into two veiynatural groups, which 
are plainlydistinct in the mass, although many complex relations exist 
between them. Distinctive characters of the two divisions may bo 
fopnd in many parts of the organization of {he majority of the 
pl^ts; but the most general diflerencc is that which occurs in the 
structure of the enibri/o contained within the seed. 

30. In one division we find that the seeds, with few exceptions, 
contain an embryo in which we may distinguish two rudimentary 
leaves, or cotyledons, applied •face to face, and having the terminal 
bud, or growing-point of the stem, enclosed between them. In the 
other division the embryo presents but one cotyledon, or seed-leaf, 
more or less rolled round the bud, like a sheath. The plants of the 
first division are called Dicotyledonous, those of the second Mouoco- 
tyledonous. 

The character of Dicotyledonous seeds may be readily examined by 
soaking in hot water a common Bean, a Turnip-seed, and an Almond, and by 
stripping off the skins, the embryo forming in these ciises the entire seed. 
The character of Monocotyledonous seeds may be seen by cutting in half 
(longitudinally) an Oat, wherein the embryo mav be seen to lie at one 
side of the ba^ of the seed, the great mass of which consists of mealy 
endosperm ; or the little cylindrical embryo of the Cocoa-nut may be found 
imbedded in the edible substance opposite to one of the three large black 

r ts at one end of the shell. The structure is still more distinct, from 
absence of endosperm, in certain water-plants, such ns Potomoyeton, 
Alisma, and qthers. The character founded upon the embryos is not 
absolutely distinctive of these divisions, since in some cases we have em¬ 
bryos without distinct cotyledons, ns in the Orobanchace® among Dico- 
fyledons, and in the Orchidace® among Monocotyledons; but the re- 
nuihing characters of the respective divisions are well marked in these 
cases, and the exceptions are fewer in this respect than in any other that 
can be selected. * 

31. Dicotyledons and Monocotyledons are naturally divided from 
each other by the general characters of their mode of germination, 
the structure of their stems, the arrangement of the skeletons of their 
leaves, and the number of organs in the circles of the flowers. These 
distinctive characters may bo made clear by contrasting them in a 
Table:— 


DicorrtRDftNs. 

Germination .—The radicle or root- 
end of the embryo is developed 
into a tap-root. (Exorrhjz®.) 

8t€7M.-r^9 bundles of woody sub¬ 
stance collected into a closed 
circle round a central pith, mad 


Monocottiedons. 

The radicle never developed; 
the roote lateral, pushed out 
through the base of the 
cotyledon. (Endorrhizee.) 

The bundles of woody sub¬ 
stance always remaining iso¬ 
lated, and ceasing to grow 
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retaining vitality' dh the outer 
side, by which they produce a 
new layer of wnod every seasoa 
of growth. (Exogens.) 

Leaves .—The skeleton of the loaves 
formed of repeatedly branched 
and reticulately anastomosed 
fibres (net-ribbed). 

Flowers. —Sepals, petals, and sta¬ 
mens, and more rarely carpels, 
generally five or some multiple 
of five. 


at the fall of the leaf with 
which they are connected. 
(Endogens, so called from a 
mistaken view of their stn;^- 
ture.) 

• 

The skeleton of the leaves 
formed of a number of equal, 
• simple, and nearly inde¬ 
pendent fibres, connected 
only by slender cross fibres 
(parallel-ribbed). 

Sepals, petals, stamens, and 
carpels, generally three or 
some multiple of three. 


It.may be said that the importance of the above characters is about in 
the order in which they stand in the above Table ; but the character derived 
from the leaves is far more general in the Dicotyledons than it is in the 
Monocotyledons, while the reverse is the case in regard to the character 
of the flowers, which is very constant in the Monocotyledons, while the 
number four, and even three, is far from rare in the Dicotyledons. 

32. The ripe seed of the Gymnospermia is very much like that of 
Dicotyledons; but the leaves of the embryo arc either more numerous, 
or, if but two are prcsent, they are slit into lobes, whence these plants 
have been called Polycotyledonous. 

33. The germination of the seed of all the Spermoc.arpia or Flower¬ 
ing plants consists in the emergence of the emhi-yo, more or less 
completely, from the seed, and in the unfolding of its rudimentary 
vegetative organs, the radicle, the cotifledouiry leaf or leaves, with 
the stem connecting them, and which terminates abo^ o in a little bud 
called the plumule ; the subseciuent unfolding of the plumule gives 
birth to the first true leaves. Hero, then, we have represented aU 
the kinds of organs of vegetation which will form the first objects 
of our investigation, namely the root, the stem, and the leaf, together 
with the Inuh, or compounds of rudimcnt44ry stem and leaves, which 
occur at all growing-points of the plants possessing these organs 
(Axophyta) (fig. 2), 

The phtenomena of germination may be conveniently observed by sow¬ 
ing some Turnip-seeds and Oats in a Saucer of moist sand covered by a 
bell-glass. 
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Sect. 2. Thh Root. ' 


34. The root may be described in general terms as the descending 
leafless portion of the axis, or the prolongation downward of that 
ce^htral body the opposite extremity of which is directed upwards 
and bears the leaves and reproductive organs (fig. 2), Another 
character of general although not of universal application is, that it 
is the port of the plant which penetrates into tlie soil, and which 
serves at once as the principal organ of attachment and of nutrition. 


Fig. 3. 



A seedling Bicotrledonoat plant, 
with an ascending and a de- 
Boeodizig axia 


Lily of the V alley (Contaffaria mafnJUX 
with a subterraneous creeping stem 
and adventitious roots. 


The statement that roots descend, is subject to slight formal exceptions 
in the cases of the lateral ramifications of roots, and of the lateral roots 
formed by parasitical and by certain climbing plants, which often retain 
their original direction, making a more or less ootuse angle with the stem 
from which they rise. These trifling exceptions are far less noticeable 
than the deviation of the stem from its general character as the ascending 
part of the axis, since in a large number of perennial plants the direc¬ 
tion of the main stem is constantly horizontal; stems oi this kind are of 
frequent occurrence among perennial herbaceous plants, and are ordinarily 
termed by gardeners “ creeping roots; ” for example, those of the LUy of 
the Valley (fig. 3), Garden ¥lag, Couch Grass, &c. 


35. The true root exists in a nidimcntary fo?m (as the radicle) 
in an early stage of the existence of all plants forming stems; 
but the original radicle, the r^al inferior extremity of the axis, is 
only developed into an actual root in the Dicotyledons; in the 
Monocotyledons, and in the stem-forming flowerless plants (such as 
the Reips), the rddiclo is abortive, and the efficient roots are really 
lateral organs, comparable, in a certain way, to the leaves upon 
the ascending part of the stem. * Where j^he primary radicle is deve> 
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loped, we have a true o^ am'al root (fig. 4); but the roots which are 
produced from the sides of stems are termed p. 

adventitious roots (fig, 3). ' 

The axial root may be seen well in any seed- ^ 

ling Dicotyledonous plant, as in a young Bean Fa 

or Turnip; and by watching the germination of -lH . 

a few seeds of such plants, the development of 
the radicle into the axial root may be readily J|g^ 

traced. The axial nature of the root is cjearly /iM| 

evident in the full-grown plants of most annual varjNiL 

garden species of Dicotvledons; and in shnibby 

and arborescent perennials of this class the axial ^rj fry. 

root is persistent, growing by annual increase ' 'j^ A I'l, T/h J 
into a large woody mass, proportionate to that I d 

of the ascending stem or trunk. ' A\//fv »VV 

The origin of adventitious roots may be ob- M/ All fl K 

served in germinating seeds of Monocotyledon- U /I \ 8 I K' 

ous plants, such as grains of Oats, Wheat, &c.; (TsV'v/Bk lON '' 

but their e.ssential character may be still more n . IV 
clearly distinguished in plants which form ad- ^ K 

ventitious roots on welt-developed stems and /D ' 

bud-like structures. The fibrils which sprout ’ |' 

from the joints of the stems of numerous creep- A 

ing plants ((i round-ivy, Mint, Sand-Sedge, &c.), °f the titaom (Medea 

the clamping roots of "Ivy-stems, the roots of an 
Onion-bulb, &c. afford familiar examples of adventitious roots. 

36. A.vial roots branch, apparently by a kind of bifurcation of the 
growing point or points, and they vary to a certain extent in the rela¬ 
tive development of their parts. Where the branches 
are comparatively small and the central axis is both ^ ■ - 

thick and considerably elongated, the root is called 
a tap-root (fig. fi) ; where the branehes are dove- 
loped so that the principal axis is lost as it were in 
its own ramifications, the root is called fibrous 

The branches of the root are, in the first instance, 
regularly arranged fn rows one above another. ' 

The number of rows varies in different coses; and 

the regularity of disposition is soon lost. • jt \KV 

When the tap-root exi-sts in herbaceous plants, it 
often exhibits a more or less succulent character, *nd . 

becomes a tuberous tap-root, as in the biennial Tmnip, 

Carrot, Beet, &c., where this organ is ^culiarly de- ^ 

veloped in the first season of growth, to serve as a jk 

reservoir of nutriment. The tendency of such plants * 

to exhibit this character in excess under the influ- 'Fumrsrm T*p-root of 

ence of stimuli, renders them extremely valuable for (/>»««» 

economic purposes. The fibrous rootlets upon the sur- 

face of tuberous tap-roots, Iike#the Carrot, Parsnip, &c., appear to be 
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mostly true branches. A distinction is made in^escribing tuberous roots, 
between those whicli are fusiform, as in the Carrot, atid tho.so which are 
tuipiform, as in the Turnip. A woody tap-root is found in many forest 
trees, as, for example, in the Oak; but nere the branches share more 
eitensively in the increase of size, and their direction tends more to the 
horizontal. Fibrous roots are particularly characteristic of plants growing 
in light and sandy soils; the perennial, woody forms are especially charac¬ 
teristic of shmbby Dicotyledons. 

In general terms it may be stated that the form assumed by the roots, 
whether true or adventitious, ia-in direct relation to the medium in which 


they grow and the purposes they have to serve. F' »• 0 

37. Adventitious roots (fig. 6) * 

alon/) occur upon Monocotyledons 

and Flowerlcss plants, since their 

radicles are never developed; they 

are also necessarily the only kind 

which can occur upon specimens of 

Dicotyledonous plants which have 

been raised, not from seeds, hut from 

cuttings, layers, tubers, <fcc. They 

arise from thcwVfr of the stem which ^ 

gives birth to them,and mostreadily rf \\(|\|\ 1 ' ^ |\ 

in the vicinity of buds or leaves. \ \ ) f\\ i v if 

They take their origin from the ' C A i ' ' 

cambium-region, lying beneath the ’ . 

epidermis, rind, or bark of the stem, TnftofHbromi>dTi'ntitiou»rooi.iof»Ora««. 

and break their way out through this, raising up a more or less evident 
and persistent rim, termed the "eoleorhiza’* or root-sheath; and when 
they decay, they leave a scar in the form of an orifice at the point where 
they emerged. These scars are obliterated by bark-structure in woody 
Dicotyledons; but in creeping rhizomes, bulbs, itc. they are persistent. 
Adventitious roots of Dicotyledons appear to branch in the manner of 
axial roots; but the branches of the adventitious roots of Monocotyledons 
are adventitious, and exhibit a coleorhiza. 

38. Adventitious roots are very '• 

variable in form and consistence. 4 

They may be fibrous (fig. 6), or 

tuberous, and are not uncommonly 

of intermediate character in the 

Monocotyledons, consisting of more 

or less thick fleshy fibres. Either 

the fibrous or tuberous form may J{] 

occur exclusively in groups of 4d- f\ (y f ^>'(1 

ventitious roots, or such groups gr i™ 

may contain roots or rootlets of /V V -w 

both kibds. In arborescent Mono- ^ tV ' li 

cotyledons the adventitious roots ^ ' 

acqufreawoodycharacterand>eat''ntt^rj:J;ir"Sr?^^^^ 


Fig. 7. 
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size; in herbaceous Monocotyledons they axe commonly annual, or, if 
iuherous, biennial. 

The Jibfsim adventitious roots of Monocotyledons are generally soft, 
much elongated, and Rttle divided, like those at the base of bulbs of 
Hyacinth, Onion, &c. (fig. 10). A mixture of fibrous and tuberous adven¬ 
titious roots, forming what is called a fijaGfew/ofe root, occurs in Hemero- 
caUis, and in Ranunculus Ficarta (fig. i). A peculiar modificatiod of this 
structure is found also in most terrestrial Orchids. In Smraa FUipendula 
the fibrous roots exhibit tuberous thickenings at intervals., 

39. The youngest parts of rootlets, whether branches of axial roots 
or adventitious roots, often exhibit a coat of delicate cottony hairs, or 
Jihrillce, which are thread-like growths from the epidermis, and are 
thrown off in perennial roots when the epidermis gives place to the rind. 

These^ftnVs must be distinguished from the ultimate ramifications of 
the root itself, which are sometimes very fine. Their nature will be ex¬ 
plained under the head of the j\jintomv of Hoots. Examples may be found 
in pott(!d Geraniums (Pelargonium), Ileaths, &c., or in the roots of many 
Momxjotyledonous bulbous plants and Grasses growing on light soils. 

40. Root.s of ordinary’ plants bury themselves in the soil; those o^ 
water-phants, usually more succulent in their texture, penetrate the 
mud, as in the Water-lilies, or hang freely down in the water, as in 
Duckweed and the Water Crowfoot. A number of plants exhibit what 
arc called aijrial roots, which arc always adventitious; and these may 
be cither the solo radical organs of the plant, or roots developed high 
above the ground but growing down to reach the soil, or they may 


Fig. 8. 



Sketch of ft KangroTe-tree with fttfriftl Tooto dropping down fh>m the bnnehoa. 
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be converted into organs of support for a weak stem. In two.para- 
sitical plants the roots, more or loss developed, attach themselves to, 
a^become organically blended with the roots or stems of other plants. 

%The plants called <v>»/>%t«^uch as the aerial Orebids, various Araceous 
plants, and members or the Pine-apple family, are possessed of aerial ro<its 
alone. '.The stem of such plants rests upon some foreign body, such as the 
branch of a tree, totally unconnected with the earth, and produces long 
adventitious roots which hang suspended in the atmosphere, from which 
they absorb their food in the sjate of vapour. Roots developed in the air, 
and subsequently descending, present themselves in various conditions. 
One of the most reniarlcnble is that which is observed in the Mangroves 
(fig. 8) (Rhizophoraceas), where the seed germinates in the fruit while 
the .latter is still attached to the tree, and drops down its long radicle 
until it reaches the mud in which these trees grow, so that the stem of 
the young plant is enabled to establish itself firmly in the uncertain soil 
before it detaches itself from the parent. This is nn axial root. In the 
Banyan tree (Fiats indica) adventitious roots are frequently developed 
on the branches, which, descending to the earth, penetrate into it and 
become supporting columns, which ultimately assume the appearance of 
trunks, and give the tree the appearance of a group or even a grove of 
trees united together at their heads. The roots of the arborescent Mono- 


Fig. 0. 
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cotyledons partake to a certain extent of the same character; and those 
of iPalm-trees are observed to arise successivel])^ one above another in a 
spiral course near the base of the stem, growing outwards and downwards 
to penetrate the nopnd, the older ones ultimately decaying. In the 
Screw-pines (Pandantu), plants gfrowing on the shores of uie Indian 
Islands (fig. 0), this is still more striking and distinct, as the spiral line 
which they form is more open, and the roots arise for a long waWup the 
stem; here also the older roots and the base of the stem decay, so 
that the whole plant comes to be supported by the lateral adventitious 
roots, as on so many props. Aerial roots Incoming organs of attachment 
may be seen in the climbing stems of Ivy, of the garden Bignonia'(Thcomo 
radicans^, Stc. 

I’arasitic plants developed from seeds present, in their earliest stages, a 
radicle which in some cases becomes developed, in others not, or omy in 
a peculiar manner. Some germinate in the usual way, in the earth, and 
their roots seek out those of their proper nurse-plants, to which they 
attach them.selves organically, either superficially or by penetrating deeply 
into the interior; in such cases they may be wholly parasitic, as in the 
leafless Broom-rapes (()robanchace<E), or only partly dependent, as in 
Thesium, Ithinanthm, and Melampt/ntm. Others germinate in the usual 
way in the soil; but their young stems attach themselves to those of 
other plants by adventitious roots developed at the points of contact, while 
the lower part of the pariusite, connected with the groimd, soon dies away, 
as in the Dodder (uiscuta). The woody parasites, Mistletoe (Viseutn), 
Myzodemhon, and others, are developed from seed upon the spot where 
they are attached. In the Mistletoe, tlie seed clings by its viscid pulp ; 
in 'Myaodimdrm by coiled hairy anus; and when the radicle sprouts, it 
drives its way through the riiid of the nurse plant until it reaches the 
cambiiun layer, where it connects itself organically, becoming grafted 
exactly like* a btidded rose. No further development of root-structure 
occurring here, the full-grown plant appears rootless, and like a brauc^ or 
graft upon the nurse tree. The earlier stages of growth of the Rhizanthese, 
root-parasites composed chiefly of inflorescence, are not known; probably 
they are analogous to those of Visaim in the first instance, but with the 
addition of horizontal growths of stem-structure beneath the bark of the 
nurse-plant. 

41. Hoots, ns a general rule, are destitute of leaf-buds, which fact 
serves to distinguish them from rhizomes or root-stocls (stems). ^ 
But under certain circumstances, roots, as indeed every part of the j 
vegetable structure, may be made to form buds, but always from the' 
sides, never from Ihe end us in stems. Somatrees are especially prone 
to this, and may bo propsigated by cuttings of the root, such as Pynts 
japonica, Madura aurantiaeay the Plum-tree, &c. The root of the 
Anemone Japonica likewise produces buds very readily. 

• 

Sect. 3. The Stem. 

42. The stem is the ascending portion of the • axis, of a plant 
(fig. 2). It is characterized by its growth taking place m a direc¬ 
tion contrary to that of the roots, and.by bearing on its sides r<^- 
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larly arranged leaves or modifications of leaves, forming the hteral 
or appendicular organs. 

An exception to the ascending growth Occurs in the case of creeping 
stems, where the main axis takes a more or less horizontal position ; but 
toe first shoots of sucli plants, developed from their seeds, ascend, and the 
secondly axes, which bear the efficient leaves, assume the erect position, 
08 is seen in the tufted habit of gruw'th of plants with a subterraneous 
main stem. 


43. Every stem is develpped from a bud, which consists of a 
eonical rudiment of the stem bearing rudimentary leaves crowded 
upon its sides. . The primary bud of the stem of Elowering plants 
pre^nts itself as the plumule (fig. 2) of the embryo ; and so long as 
this axis continues to grow, a bud (the terminal bud) is found at itsl 
extremity. The branching of a stem depends upon the development | 
of lateri buds, which as a general rule appear only in the axil or 
upper angle between the base of a leaf and the stem, whence they 
are called axillary buds. 


There is in manv' embryo plants a small portion of the axis intermediate 
in structure as in position between the true root and the true stem (fig. 2). 
This “ hypocotyledonary axis ” often gives off shoots, by which it may bti dis¬ 
tinguished from roots; moreover it is either cylindrical or tapers upwards, 
while a root tapers in the opposite direc- pp, jq 

tion. This hvpocotyledonary axis forms 

the trunk of the extraordinary plant k « 

called Wdwitschia, hereafter described. oj^ 

44. The place whence a leaf arises 
marks the position of a structural re- 
giop endowed with special physiolo- 

gical activity ’; it defines externally a m Iw 

point where the internal tissues have 

a peculiar arrangement. Hence a '' W KS {It 

particular name is applied to it, that j W I 

of node ; sometimes a kind of artieu- I 

lation of the stem occurs at this point, ^ —7 

but not as a general rule. The A 

tervals between the points of 
of leaves are called the intemodes. 

In buds, the intemodes W not yet 
dev^oped. In a large majority of 
ascendingstems.theiiitemodesbecome 

considerably developed, so th^t the ga!ii^s.ijjiiii 

leaves ultimately appear stationed at 
distinct intervaLs. In many subter- 
ranean stems, at' the lower part of 

the stems *of many herbaceous plants Din^ram of rtnntn^o w,jia hearing- 
(fig. 10 ), and in the trunks of many teloM^ode",.’' 
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of the arborescent Monocotyledons, the intemodes never become much 
lengthened, and the leaves in consequence appear closely packed and 
more or less overlapping in the fuU-growq plants. 

The relative development of the internodes is next in importance k> 
the oixler of arrangement of the axillary buds, in affecting the general 
form8_ of stems. A clear idea of the conditions may be" obtafned by 
examining, in the first instance, what occurs in the unfolding of the bud 
of such a tree as the Horse-chestnut, In the bud the enveloping scales, 
the rudimentaiy leaves, and even the bjossohi may be distinguished, 
crowded on the undeveloped axis. As the leaves emerge and expand, 
they become separated from each other by the elongation of the mter- 
nodes of the stem, until at length they stand at considerable distances 
along the sides of a shoot several feet long. This may be illustrated by 
comparing it to tho separation of the joiut.s of a telescope, when its 
length.s of tubes arp successively pulled out. E.xamples of permanently 
undeveloped intemodes are seen in the rosette-like offshoots of House- 
leeks and of many other herbaceous peremiials—in the first season’s growth 
of such plants as the Tuniip, Cairot, Canterbury-bell, and indeed of 
most biennials, where the leaves all appear to arise from the root—in 
the bulbs of many Monocotyledons, such as the Crocus, Hyacinth (fig. 10), 
&c. In these cases the flowering axis whieh subsequently appears often 
developes its iiiteriiodos considerably, and rises as a tall stem. An inter¬ 
mediate coiidifion is met with in stems which are elongated, hut have the 
leaves cld.-iely overlapping, as in the common Stone-crop, many Coniferous 
trees, many I'alnis (tig. 27), &e.; 
and a similar condition e.vists in 
tho suhterniueous root-stocks of 
various plants, where the imper¬ 
fect sheathing leaf-scale.s succeed 
each other at short iiiterv'als. 

4.J. In the embryo of a 
Flowering qilant it is scarcely 
pos.sihle to define the limits 
even, of tho stem itself, which 
loses itself aliove in the phi- 
mulo, and below in the rndielo. 

But in fully-developed sti'ms, 
a general division into three 
regions may be distinguished, 
according to tho kind of lateral 
organa which they bear, viz.: 

1 . TheL«rt/-.vcnh’rcgion(fig, 

11 ), which is mostly subter¬ 
ranean in its habit, and pre¬ 
sents itself with more or less of 
the external appearance of a 
root,ofanenlargcdfle8hybud, 
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or of a combination of these two. The leaves npon this are never 
green, but are of fleshy or membranous texture and simple forms. 

2. The Ziea/region, forming the ascending stem of plants generally, 
especially characterized by the green colour anti great development 
ot the foliage. 

3. TJie ^raci region, which is also known as the Inflorescence, is 
distinguished by its smaller, more delicate, and sometimes coloured 
leaves, the axillary buds of which produce blossoms. 

The extent, both positive and relative, in which these regions are re¬ 
presented is different in almost every plant; but a few genem statements 
may be made serving to illustrate the subject. The leaf-scale region is 
developed chiefly in herbaceous perennial plants; and the principal modi- 
ficaflons of it will be examined below under the heads of Rhizomes, Bulbs, 
and allied structures. It may be obsei^-ed that the leaf-scolus or abortive 
' foliaceous organs are almost exclusively composed of the stalks or sheaths 
of leaves, without any port corresponding to the blade; exceptions to 
this, illustrating the rule, occur in tunicated bulbs like the Hyacinth 
(fig. 16), where the inner scales bear a green blade standing out free at 
^e top of the bulb, and again in various subaquatic Grasses with 
creeping stems, in which the lower parts of the annual shoots often exhibit 
large open sheaths with small rudiments of blade at their summits. The 
region bearing perfect leaves forms the principal part of the axis in arbo¬ 
rescent plants, where the leaf-scale region occurs only at the points where 

Fig. 12. Fig. 13. 




the piotectiog sc^es of the autumn'buds are produced; the scars of the 
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Fig. 14. 


leaf-BcaleSj crowded together from the non-development of the intemodee 
are very visible at the base of the yearly shoots of many trees, for ex¬ 
ample, of the Horse-chestnut: other trees reproduce, as it were, their 
cotyledons at these ppints; the Jasmine, for example, exhibits a pair of 
broad undivided leaves near the base of each annual shoot. In annual* 
plants the leaf-region is predominant, but the bract- 
region is relatively more developed than In trees; 
and the same holds good of perennial herbaceous 
plants. In arborescent plants the bract-region usually 
does not present itself until the leaf-regioqp of many 
years have been formed, and even then it is gene¬ 
rally formed from branches of the axis which have a 
subordinate share in giving the special form to the 
entire plant; sometimes, however, the form of the 
ramification is much affected by the position of this 
region, as in the Horse-chestnut, Lilac, and other 
trees, where, the terminal buds of shoots are deve¬ 
loped into an inflorescence, which of course puts a 
stop to the onward growth at these points. 

46. The Leaf-sealed stem, found especially 
among herbaceous perennial plants, is seldom con¬ 
tinuous with an axial root; on the other hand, it 
is very prone to produce adventitious roots, as is 
natural to its usually subterraneous or creeping 
mode of growth. Wlien its internodes are regu¬ 
larly although slightly developed year after year, 
it forms an abbreviated stem, horizontal or ascend¬ 
ing, either below or above ground. If the main 
axis persists, producing a few branches each year, 
and as it grows at one end slowly dies away 
at the other, a more or less root-like structure is produced, termed 
a ny (figs. 11 & 22). If the growth of each axis, 

decays away at regular intervals, so ns to isolate the products of the 
succeeding axes, the result is different, and, instead of a branching 
rhizome, the axis resolves itself into a number of detached portions, 
in the form of CQpm. If these detached portions are chiefly com¬ 
posed of leaf-scales, with the undeveloped stem small, so that they 
represent enlarged Wds,they are called 6a% (figs. 16 & 16). Another 
reproductive structure belonging to theleaffscale region of the stem 
is t.he _<tt6er (fig. 19), which consists of a fleshy thickened subter¬ 
raneous axis, arising in the axil of a leaf-scalcf having its own in- 



Diagram of a plant of 
Ovkrv* arachiUsi, 
Toe leaf'Soales true*' 
leaf and bract regions 
snccesesTelj presented 
in the same axis. • 


ternodes considerably developed, so that its leaf-scales are scattered, 
and cover isolated buds or “ eyes.” Tutors of analogous character are 
sometimes formed from aerial branches, as in many epiphytic Orchids, 
where they have a green colour and are known as vseude^b uj!^. 

47. Th e Bulb (fig. 16) is a stem remainiug pemahently in the 
condition of a ^ud. Its axis consists of a disk or shortly conical 
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plate, firom the upper surface of which arise leaf-scales of fleshy 
character more or less overlapping each other,'and enclosing the 
points of growth, while one or more circles of adventitious roots are 
^ven off from the base (flg. 16). Bulbs are earned, according to 

Rg. 16 . 


Tunicate^ bulb of tbe Gardes Hmdlnth, oat 
through pe^ndicuiarlj. ihowing the leaf- 
Boalee ariaing from the abbreriated stem 
tA), and the fooiu balbilt or olorea (a, a) 
frinnad in the axihi of leafracalet. 

tiTe character of their leaf-scales, tealy or squamose when these only 
partially overlap (Lily), and tunicated (Onion, Hyacinth), when the 
scales form complete sheaths. Bulbs produce flowering axes either from 
the terminal or from axillary bu^. They are m^tiplied by buds 
developed in the axils of the scales in the form of new bulbs {cloves, 
fig. 16 a, a), which sooner or later become detached. When a bulb 
flowers from its terminal bud in its first season of growth, it is 
annual ; when it only strengthens itself by forming scales in the 
first season, and flowers from the terminal bud in the second, it is 
biennial ; when it flowelh from an axillary bud, the terminal bud may 
be developed in the same form indefinitely and form & perennial bulb. 

The number of lerf-scales constituting the mass of a bulb varies much 
in different plants: in Gagea, AUium vvieaie, and others there exists only 
one; Allium okraeethn has but t^o; the Garden Tulip and Crown Imperial 
have comparatively few scales, while the Lilies ana the Hyacinth (figs. 
16 ft 16) have qpmerous coats or scales. A little explanation is requi- 
rite as to,the terms annual ftc. as applied to bulbs. We nave an example of 
whatis (^ed an annual bulb in the Garden Tulip. As planted in autumn, 
it is a bod composed of four or five scales enveloping a central rudimen- 
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Bcaly bolb of ZUium eandidum, with 
ftdtentitiotui roots. 
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‘ taiy flowering stem wliic^ ierminates the main axis. In the axil of the 
outer scale there is an axillary bud. As the flowering stem is developed 
the old bulb shrinks, while the axillary bud becomes more and more 
perfect; so tha^ aftei; the flowering season is over, it forms a new' 
Wb, to the side of which the withered mmains of the old one are*' 
attached. The terminal point of the new bud repeats the flowering, and 
its outer scale (sometimes the next also) subtends an axillary bud deetined 
to become a new bulb in the next season. Such bulbs Sie sometimes 


called prtBvenlUi^, since the bulbous structure of any given axis is 
formed before the true leaves and flower. The Crown Imrorial {FritiUaria 
imperialis) afibrds an example of a biennial bulb. Examined in the 
autumn, it is found to consist of fleshy scales produced at the lower psurt 
of the axis which has just flowered ; while a bud seated in the axil of the 
innermost of these scales is already developed, and by the decay of the old 
flowering stem has come to occupy the centre of the bulb. In the next 
season this bud flowers: at first it is surrounded by the scales of its 
parent axis; but after the flowering is over, these very quickly shrivel up 
and disappear, the axis which has just flowered giving origin at its base 
to a number of scales replacing them; and while the flowering stem 
decays away down to these scales, a new a.villary bud is developed in the 
axil of its innermost or uppermost basal scale. Thus the bulb always 
bears growths belonging to two seasons on the same axis : the nutrient 
leaf-scales of each axis are developed upon it after it has flowered, and 
serve for the support of the flower of the next axis. Such bulbs are 
sometimes called postve^itiqs^, and may be termed definUe to distinguish 
them from the next kliid. PertHnial bulbs difier from the foregoing 
in retaining the products of the condensed axes of several years in a healthy 
vegetative condition. Thus, if we examine a bulb of the Garden Hyacinth 

S . 1(5) when it is flowering by its terminal bud, we find the base of the 
rering axis surrounded by several leaves belonging to itself; the whole of 
them stand in the axil of a scale belonging to the preceding year, which alao 
contains the short remnant of the flower-stalk of that year; and to this 
scale succeed several more, all belonging to that same axis ; these more¬ 
over stand collectively in the axil of the innermost of a series of scales 
belonging to the year before, re mains of the flower-stalk of which ate 
also sometimes visible, finally, on examining the axil of the innermost 
green leaf of the present year, we find, nestled between it and the base of 
the flower-stalk, the bud which is te form the axis of the next year. 
Therefore this bulb possesses structures or axes belonging to four di^nct 
generations. The bases of the green leaves expand into fleshy sheathing 
coats after the flowering of the axis which g^ves rise to them; and the 
decay of their blades, which extends to the sAmmit of the bulb, pv^ 
rise to the ragged or bitten-ofif appearance of the latter. These bulbs are 
postvetUitious like the last kind, but may be distinguished from them as 
indefinite, * 


48. Kio Com more or lees resembldh a bulb extomally, but con¬ 
sists principally of a stem with little-developed intemodes, thickened 
into a fleshy body, and bearing leaf-buds at one point, either at the 
summit, as in the Crocus (flg. 17), or at the side, as in Coltkidim. 

The corm of a Crocus examined very ear^ in spring exhibits a primary 
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axis in the form of a roundish mass bearing the •adventitious roots below, 
and giving rise above to one or several tufts of leaves. The bases of 
the leaves, outside which are a few membranous scales, being at first 
■ sunk in the parent axis, these tufts or rudimentary branches are not 
’Readily distinguished as secondary axes; but the 
terminal bud soon grows out to produce the flower. ^• 

After*the flowering is over, the intemodes be- 1 

tween the scales and the bases of the green leaves |(n ^ 

become developed both vertically and also hori- 
zontally, so as to convert the base of each flower- 
ing stem into a new corm. When about half- 
grown the new rorms stand out as globular bud- I -- | ; I 

like structures on the top of the old corm, which .A- 

is'gradually exhausted, and decays away, so as 
to set its progeny free. In the axils of the upper- \ S 

most leaves of the flowering stem are developed r i { > ' \ 
new buds (which exist even before the corm be- Com of the Garden Crocue, 
gins to sprout in spring) ; arid as the new conns **'"“**' 
are peifectcd,t!ie buds imbedded in their summits 
form the rumments of the leaves and flowers of the next season, sprout¬ 
ing out in the spring, each to reproduce a corm. Hence in a corm taken 
out of the ground a short time after the flower withers, we find three 
sets of axes;—1, the withering parent corm; 2, the young conns branching 
from this, formed from the bases of the flowering stems; and, 3, the 
axillary buds of the leaves of the latter, forming the resting buds at the 
summits of ^e new corms. 

In Colchicum autumnah the conditions are somewhat different. When 
the plant is flowering, in autumn, we find the flowering stem attached to 
the side of the "base of the corm; the flowering stem is surrounded at its 
base by sheathing scales and rudimentary leaves ; in the axils of the two 
lowest leaves exist minute buds, and the intemodes between these leaves 


Conn of the Garden Crocus, 
cut through pcrpcndieu- 
iorlj. 


are slightly developed. The flowering-stem then withers down to the 
ground, and during the winter the internode between the two buds swells 
and forms a new corm, the old one shrivelling up. The leaves appear 
above ground in the spring, proceeding from the apex of the corm, and 
the bud at the side of its lower end shoots out to form a new lateral stem, 
which produces sheaths and rudimentary leaves, and ultimately fornu the 
flowering stem of the next autumn, the base pf which repeats the forma¬ 
tion of a conn in like manner and shoots up its tuft of leaves in the fol¬ 
lowing spring. The corm being formed from the intemode between the 
buds, the lower of these is, to a certain extent, basilar as well as lateral, 
while the upper one appears near the top of the perfect corm, rather to 
one side, near the scar of the old leaves and flower-stalk ; this bud may 
or may not be developed into a corm simultaneously, but in any case 
it becomes detacbea from its fellow *when the old corm shrivels up, and 
thus may multiply the'plant. • 

Ibe conn of nutculatum, examined in spring, exhibits two lobes, 
with an intermediate constriction; they lie adjoint horizontally; the 
conn of the past year is shrivelled; the other is solid, and at the summit 
exhibits sWthing scales enveloping the base of the erect flowering stem. 
Opening the sheath, which turns upward, we see that the flower arises 
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from a termi^ bud, ^i^bile in the axil of a leaf arising below it exists a 
bud which is destined to swell up and form a new corm for the next 
season, the oldest one^ meantime withering away i so that two genera¬ 
tions with the rudiments of the third always coexist; these generations*' 
may consist of a greater number of individuals when additional (orms 
arise from the axils of several of the scales of the parent corm. * 

49. The Stem^tuber is either formed from 
the base of a stem, or from a branch arising 
from a subterraneous leaf-scale (fig. 19), deve¬ 
loped either partially or entirely into a thick 
and fleshy mass, by expansion of its spongy 
structure, its own leaves appearing in the form 
of rudimentary scales, in the axils of which 
exist dormant buds, or eyes, capable of pro¬ 
ducing independent stems when the tnber 
recommences its development after a season 
of rest. 

Axial tubers occur in many herbaceous plants, 
as in Corydalis hulbosa; when of annual dura¬ 
tion, these are essentially the same as corms. 

The tuber of the Potato is a familiar example of 
the stem-tuber formed from a branch, in which its 
characters may be readily observed : a number of 
leaf-scaleBatthebBseoftho“haulra”8endout8ub- f ti, 

terraneous branches, which at some distance from bsw of theS™rf 

the point of origin cease to elongate, and swell up BMwnutanum. 
into tuberous masses. The tubers of the Jerusalem Artichoke (fig. 19) are 
analogous productions. Stem-tubers passing more or less into rhizomes form 

Kg. 19. 
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the BO-ealled roots of the Bryonies ( Tamus comtnmi^ and Brymia dioica), 
of the 8weet-potato (Convolmdtts BataUu), end the species of Dioscorta 
.yielding “ yams.” The tubers of the terrestrial Orchids are chiefly com- 
"tosed of raaical structures. If we examine the twin tubers of Orchis Morio 
nig. 20), we find one at the base of the flowering stem («), which towards 
the close of the season is withered, while the other (6), crowned by a 
bud (•), is solid and healthy; in the axil of the lowest leaf of this bud 
exists another bud in a rudimenta^ state; and as the oldest tuber shrivels, 
this swells out and assumes its mrm, in the next season appearing as 
the bud-tuber, while its parent becomes the tuber of the flowering stem. 
The greatest part of the mass of these tubers consists of a swollen adven¬ 
titious root (§ 37), which is intimatelv blended with a few little-deve¬ 
loped stem-intemodes and the terminal bud. In some cases these tubers 
are rounded; in others they are divided below, so as to become palmate 
(fig. 21). The tubers of Bunium (fig. 18) belong to the root. 


Kg. 20. 



Double root-tuberg of Orclut Mario: 
a, old tnbor; 5. new tuber with the 
bud « for tibe next seaaon. 


Fig. 21, 



Double palmate root^inbers or Oymtuidenin 
odoroHunmat a, old tuber at the ba«> of 
the old flower*Btom; 6, new tuber, with 
bud for the next Beaaon. 


60. The Rhizome or Root-stock is a body composed of an indefinite 
number of corm-like axes permanently connected together, so as to 
form an elongated, root-like stem, more or less cloOied with leaf- 
scales (fig. 22). Its intemodes are generally little developed; some¬ 
times, however, regions with developed intemodes alternate with 
others wherein they ye undeveloped, giving a nodose character; 
when it has the intemodes much developed (figs. 11 & 24), it ap¬ 
proach^ in character (through “ranners” ^.)to creeping leafy stems. 
Its texture and apjwarance vary from herbaceous or fibrous (fig. 24) to 
tuberous (fig. 22); its direction is usually horizontal, though in some 
cases it is vertic^ (fig. 23); and in the majority of cases it grows 
under ground^ 

Exaqiiifles of the rhizome are veir numerous among herbaceous peren¬ 
nial plants, both Dicotylsdons ana Monocotyledons, 'l^e Garden-flag 
afford an example of a tuberoils rhizome which may be understood by 
comparing it wiu a corm like that of Arum maculatum, and by supposing 
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that the older portions' oT this surriTe for many rears, so as to form a 
creeping, more or less branched mass. The Solomon^ Seal (fig. 22), Sweet- 
flag (.4cort«), Ginge^ Water-lily, &c. aflbrd other well-known examples/ 
In some of these (called definite rhizomes) the flowers appear to be prv 
duced by terminal buds, which take an ascending direction and lose them- 
selres in the inflorescence, the onward g^rowth of the stem being dfl’ected 
by means of axillary buds. In other (indefinite) rhizomes the growth 
is continuous by the formation year after year of a terminal leaf-bud. 
Khizomes of more solid texture, but of anmogous construction, occur in 
many herbaceous Ferns, as in Aapidium t'Uix-mas, also in most of the 
Hushes (Juncus), maiw Sedges, and a great variety of herbaceous Dico¬ 
tyledons, such as the Wood-Anemone, the Primrose, Lathraa tquatnariaf 
&c. Certain widely extending creeping plants afford examples of rhi¬ 
zomes with developed intemodes, as the Sand-Sedge (fig. 24), the wire- 
like rhizome of which extends for many yards under the loose sand, Bend¬ 
ing up leafy shoots at regular intervals; the stems of Couch-grass, of 
various Mints, and other Labiate plants; as also of certain Ferns, such as 
Ziostraa Thelypteris, Drichomanes gpeciomm, and of the Horsetails (Equise- 
turn), &c. When the thizojne is erect it has much of the aspect of a root; 
and the ordinary form was termed by the old writers a preemorte root, the 
decay of the lower end giving it the appearance of having been gnawed 
off. Examples of this are not uncommon, as in the Scabima succisa —in 
various UmDelliferas, as Cicuta vir^a (fig. 23), where the abbreviated in¬ 
temodes form discoid chambers corresponding with the fistular intemodes 
above, and in the Lady-fem (Atfiyrium Filix~f<ttmna), which conse<iuently 
rises above ground like a dwarf tree-fern. In Sparganium ramomtm we 
meet with a curious alternation of condensed and elongated Intemodes, so 
that the rhizomes appear to consist of a number of corms connected toge¬ 
ther by branches into an erect candelabrum-like assemblage. 

Fig. 23. 


Fig. 22. 


Bhiume of Solomon’* Be*l (OamaUaria Potfamahm ): 
a, bod for next year; 6,floweriBffateinof ue 
year; e & d, aoara of the flowering itema of two pre* 
oeding years. 

51. The Leafy stem, or region bearing green foliaceoos organs, 
grows above the soil, either in air or water, exposed to the influence 
of light. Its form and structure are extremely varied, depending 
chiefly on the mode of development of'the intemodes, the anange- 




Vertioal rhiMme of CBmto ri fO* a , 
oat throogb perpondioolarly. 
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ment of the leaves and mode of development of.the huds, and the 
extent to which its existence is prolonged. The first cause regulates 
to a great extent the form of the axis, the second the mode of rami¬ 
fication, and the third the size and consistence of the full-grown 
organ.' The principal modifications may be most conveniently studied 
under the heads of—1. herbaceous, and 2. woody stems. 


Fig. 24. 



B4nd«S«dge (Cam artnaria)^ the creeping flbrooB rhison^es rooting at the Bodea and 
■ending up flowering stemB. 


52. Herbaceous stems are produced by annual and biennial plants, 
and in each successive flowering axis of herbaceous perenui^; to 
these also are analogous the yearling shoots of arborescent plants. 
Taken by themselves, they are either annual or biennial ; that is to 
say, they bear on the same axis green leaves belonging either only 
to one or to two seasons of growth. Annual herbaceous stems alone, 
of course, occur on true annual plants: they are produced also by 
those perennial herbaceous plants which send up a flowering stem 
from beneath the soU in spring; and vrith these are to be included 
most plants forming bulbs and corms. 

In ordinary annuals the plumule or terminal bud of the seed shoots up 
at once into a more or less hranched flowering stem, and the entire plant 
dies away after the seeds are perfected in autumn. Examples of this 
form may be seen in the,Poppy, the Sweet Pea, Veronka hedereefolia 
(fig. 12), &c. In many perennim herbaceous plants forming rhizomes, and 
in moat bulbous plants^ a subterraneous bud snoots up in the early part of 
each season of growth, bearing green leaves, and forming a flowering stem 
(fig. 22,J); in the' 'autumn the whole of these structures disappear (c, d), 
while TeBGng buds (a) are formed in the axils of the lower leaves be¬ 
neath the BoS, to repeat the growth in the following season. We have 
examples of this kind of stem in thesSolomon’s Seal, Garden Peeony, 
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Aconite, Anemone, ^pfu-^us, &c. The joung fleshj shoot with rudi> 
mentsiy leaves which these plants form in earlj spring is sometimes 
called a turio (this is exemplified in the edible part of Asparagiu). The^ 
leafy flowering stems «f bulbs and tubers, such as those of the Lily, Po¬ 
tato, Orchis, &c., furnish further examples of the annual herbaceous stenf. 

53. Biennial herbaceous stems are found in true bienniqjb and 
many herbaceous perennials. They are distinguished by the lower 
part of the axis producing green leaves in one season, and the upper 
portion growing into a flowering stem in the following year. Gener^y 
speaking, the internodes are little developed in the growth of the first 
season, and the leaves are often larger as well as more crowded; 
they also frequently die away early in the second season. 

Examples of the biennial herbaceous stem are to be found in such 
true biennial plants as the Turnip, the Canterbury Bell, Thistle, Parsley, 
&c. Here, when the seed is sown, it produces a stem with scarcely deve¬ 
loped internodes, supporting a number of leaves which form a kind of tuft 
or rosette upon the ground; this growth remains almost at rest during the 
winter, and in the succeeding spring the terminal bud shoots up into a 
flowering stem. Sometimes several axillary buds also grow up into flower¬ 
ing stems, giving rise to the condition called “ rcidix mtdticeps:” this may 
occiu either in biennials or perennials. A similar kind of stem is found 
in such perennial herbaceous plants as the common Daisy, the Garden 
Flag, the Dandelion, &c., where axillary buds are produced at the base of 
the dying flowering stem in autumn, and grow up above ground at once 
to foiiu leafy tufts, lasting through the wnter, and giving birth to flower¬ 
ing stems in the next season. 

54. The leafy shoots of perennial plants, with their axis and adven¬ 
titious roots, may be separated artificially, and used for propagating 
the plant (gardeners call this “ parting the roots ”); and certain plants 
are naturally multiplied in the same way, by buds or branches which 
have received special names. Thus the herbaceous flowering stems 
of the House-leeks {Sempei'vivum), after flowering, produce buds in 
the axils of their lower leaves which expand into leafy rosettes. The 
parent stem dying down, these are thrown off as detached plants, 
and strike root; in tho following season they send up a flowering 
stalk and repeat tho process. Tho separating tuft formed in the 
autumn is called an gffset. The Strawberry-plant in like manner 
produces, in tho axils of its leaves, buds which in the same season 
expand several of their intemodes, and form long filiform branches, 
tho buds of which give rise to rosettes of leaves, and strike root, and 
thus form independent plants: such shoots are called runn^TS (fig. 25). 
In all these cases the herbaceous flowering stem is of two years’ 
growth, its branching portion belonging to tho autumn, tho ascend¬ 
ing flowering portion to the succeeding spring or suipmer. 

Special names have been given to certain forms of the herbaceous stems, 
some of which are not very definite. Botanists sometimes call the stem 
of Grasses a ctdm x agriculturists term both this and the stems of herba- 
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Ceous plants generally “ haulm,” which, in its original lanmiage, is synony¬ 
mous with ^mus. Neither term is perhaps re(iui8ite; but, if used, the 
.term culm (eulmm) should be applied to the unbranched stems of Grasses; 
•^aulm (mufis herhaceui) to all otner herbaceous stehis with well-developed 
mtemodes. 


Fig. 26. 



8tr»wberry-plsnt with ronners. 


65. The Woody stem, characteristic of arborescent plants, presents 
itself in two principal classes of form:—one, where it is branched, 
constituting a tnmTc (<ru»Mh«s) ; the other, where it is an unbranched 
column,bearing its foliage as a terminal crown, forming what is called 
a stotdc {mvde^. 

These differences depend upon the mode of development of the buds : 
when, as in Dicotyledonous tree.s generally, axillary buds are developed 
into branches, we find a ramified trunk; when the terminal bud aloue 
unfolds, as in most Palms, the globular and columnar Cactacere, and the 
Cycadacete, a simple columnar caudex is formed. 

56. The Trunk of arborescent plants arises as an herbaceous stem 
from the seed, but usually becomes more or less woody before the 
close of the first season; in the autumn it ceases to developo inter- 
nodes at its point, and the terminal bud closes up into a resting 
winter-bud enclosed in leaf-scales; buds of the same sort are pro¬ 
duced in the axils of the leaves; and all or part of them open in the 
following spring, to produce a second generation of axes in the form 
of shoots; the same process being indefinitely repeated, a branched 
trunk is produced. If the central stem is not much elongated, and 
the later^ ramifications are numerous, the result is a shrubby plant 
( dumvs ); if the growth of the main trunk predominates for a long time, 
but ultimately slackens, and the side branches grow more, the form 
seen in pifiinary trees appears (ar6or cpmosa ); while if the growth of 
the central stem by the terming bud is predominant throughout life, 
we hATe tall ^aight trunks with cc^pparatively small branches, such 
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as are seen in the Lombardy Poplar and many Pines and Firs (arbor 

fast igiata \ ^ 

Besides the diversity in the relative development of terminal and lateral 
buds, a great variety of conditions occur in we mode of unfolding of ^ 
buds and in the destination of their products. By no means all of the 
axilla^ buds of arborescent stems come to development; and Aey are 
sometimes suppressed in definite order: this, and the mode of arrange¬ 
ment of the leaves which subtend them, has much influence on the general 
form of the ramification. 

Attention may here also be particularly directed to the dejimte and ind^ 
rdU development of the axes. In many trees, such as the Oak, the Birch, 
the Ash, many Pines, &c., the terminal bud of each shoot, if hesdthy, opens 
out every spring, and developes a new length in the same direction; so 
that, on suen branches, the successive years’ growths are distinguishable 
for a more or less considerable time by the scars of the leaf-sc^s which 
enveloped the successive winter buds. When these trees flower, their 
blossom emerges from an axillary bud. In other trees, such as the Horse- 
chestnut and the Lilac, the winter bud contains a rudimentary shoot, 
the terminal hud of which produces an inflorescence, and consequendy 
this bud is evolved into a leafy shoot, the growth of which in length is 
arrested for ever by the terminal blossom, and the shoots of the succee^g 
year must arise from arillary buds at its sides. The branching of such trees 
presents a peculiarly bifurcated appearance. The same condition is produced 
in iiidtjiiiite trees when the terminal buds of their shoots are kiUed W frosts. 

The nrigiii.'illy cylindrical form of trunks often undergoes considerable 
alteration with age, depending upon .p. „„ 

peculiar modes of development of 
the woody struvdure within. lire- 
gular prominences occur commonly . 
on such old tim be.-trees as have 
large hrai!cli>,’.s greater enlargement 

taking place in the line between ^ 

the base of the branches and the 

roots j tills is often seen on old JSfL 

Oalts. Some tropical trees produce 

\ ast buttress-liko projections in the 

same way. The forms of the trunk ~ 

of tlie woody climbing plants of 

tropical forests present very remark- 

able iiTegulnrities, arising either 

from a ^wining habit, or from ir- 

regular •lerelopment caused fium 

lateral pre.s.sure or otherwise. In 

pome kinds of BotrStax (fig. 26), 

and in Deinbechta (Bombacese), the 

trunk is swollen out in the shape 

of a great flask between the root 

and the. main branches, Tnmk of s BnuHUo fomtef. 

67. The Stodc or cavdex js an undivided woody trunk, pro¬ 
duced by the annual unfol^g of.a single terminal bud. Its 
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internodes are commonly little developed, so that its sides are marked 
with the scars of its fallen leaves; sometimes, however, the internodes 
are developed, and then the stock has a jointed appearance, from scars 
or.actaal articulations at the nodes. Ilio stocks of the Cactaceas are 
remarkable for their form and consistence; their latend buds are 
develop^ into tufts of spines, which are the representatives of the 
leaves of undeveloped branches. 

The stock of the Palms exhibits considerable variety of form. In the 
Cocoanut- ( Cocos) and Date-palms the internodes are scarcely developed, 
and the scars of the leaf-stalks, arrangfed in spiral order, cover the sides; 
the same holds good of the stock of Cycas and its allies, of Xanihon-heca, 
Kmgia, and other arborescent Monocotyledons, and also of the stock of the 
Tree ferns (fig. 29). In other cases an intemode is more or less deve¬ 
loped between each leaf, and the stem is smooth, hut marked by a suc¬ 
cession of scars running nearly round the stem, as in Mauritia and Astro- 
caryum rulgare; in Geononui and Chameedorea the internodes are deve¬ 
loped and the nodes thickened, so as to appear externally somewhat like 
those of the stems of Grasses, but they are not really articulated nor hol¬ 
low like the latter. The cmidcx of the Palms furnishing the common Cano 
(Ctilatntts) is chiefly distinguished firom the last by the slenderness and 


Fig. 27. 



Fig. 27. Palm-tree (Areai) with nnbranched cauder. 

Pig. 2S. Rrattcbod trunk of the Doum Palm (Myfhane ilksbaica), 

extreme lenrth of the internodes. Many of these Palm-stocks, which are 
simple in their principal mass,>8end out axillary buds at or Wow the 

a • 
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ground, which form^nnln*9, and ultimately grow up independently of the 
parent. The aerial 'atocks of a few branch high above the ground, as in 
the Doum-palm (fig. 28), and in Pandarms (fig. 9), where the terminal 
bud appears to undergo successive bifurcations, but really sends off at 
intervals single axillary buds, the development of which soon equals that 
of the parent axis, and causes the deflection of the latter so aa4o give 
a forked appearance. A similar mode of growth is observed in certain 
Hromodoraceso (arborescent Monocotyledons, natives of S. America), also 
in the Liliaceous genus Yucca. The stocks of some of the Cactacese are 
undivided, as in Melocactus (fig. 31), JEchiiiocactus, and Mamillaria, &c.; 
but in others a few branches arise, giving a compound character, as in 
various species of Cereua (fig. 32), and in the leaf-like stalks of Opuntia 
(fig. 30). Analogous structures occur in foreign species of EufAotpia. 
The Elephant’s-foot plant (Tamm elephantipes) possesses an extraordinary 
stock, consisting of a large and solid woody mass of rugged appearance 
and perennial growth, from which slender annual climbing stems arise, 
dying down again each season, while the stock slowly increases in size. 


Fig. 29. 



FjK. M. An arborescent Fern with unbnnched caudex. Fig. 31. Stem of Kticttufut, 
Fig. 30. Stem of Opuntia. Fig. 33. Stem of Cereus. 

58. In the description of stems genorallji, certain technical terms 
arc in use, in addition to those above explained. These refer prin¬ 
cipally to—a. consistence; b. direction and habit of growth ; c. form ; 
d. co7idition of surf ace ; e. ramification ; and f. Himensions. 

a. The terms herbaceous (lurbacem^ and woody {Uynosus) need no 
forther definition. Some stems are fleshy or succulent (camosus) as 
in'C'acfMS,&o. Most stems are solid (solidtts); those of the majority 
of Grasses and the Umbelliferm (Carrot, Celery, &c.j, andthc Horse¬ 
tails {Equisetwn) arc hollow or tubular (_fistulosus). 

b. Stems may bo truly erect (strictus),-JlextMtts (Jlemosus), or nod- 
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ding (nuto»u), which in trees becomes overhanging (crniMws). Stems 
which turn upwards from a horizontal base are called ascending 


(aseendens) ; those lying along 

fte ground without rooting Fig. 33. 

are prpeumhent or prostrate 

(deeun&ens, proeumhens, hu- ^ *=0 

tnifusvs) (fig. 33); if a pro- ^ jl' 

strate stem roots at its nodes, ^ 

it becomes creeping (repens'j. 

Slender stems neither lying r • 0 J sSt i m 

on the ground nor creepmg p«x«»b,nt.t«nofThym,. 

may be pendent {pend ulus) 

when growing on rocks &c., and floating (fluitans) when growing 
in water. Weak stems also rise from the ground as clind>ing {scan- 
dens) or twining {volubilis) stems. 


Proooiabvnt stem of Thyme. 


Climbing stems support themselves in various ways :—the Ivy by tufts 
of adventitious roots, which attach themselves firmly to foreign bodies; 
the climbing species of Clematis, the Canary-creeper (Tropaolum pere- 
grinum) by hooking their leaf-stalks round tie support; other plants by 
tendrils, as the Vine, Peas, Cucurbitacese, &o. 

Twining stems coil themselves spirally round the supporting body, 
turning sometimes in one direction, sometimes in the other, as in the 
Hop, Convolvulus, Cuscuta, &c. Some of the tropical twiners produce 
wo^y trunks resembling large cables. , 

e. The principal characters of form are designated by terms re¬ 
quiring no explanation, such as cylindrical or terete, conical, columnar. 
If a stem presents thickenings opposite the origin of the leaves 
(nodes), it is called jointed {articulatus) or knotted (nodosus) ; the 
reverse condition, when there are constrictions at intervals, is also, 
with more propriety,-called {articulatus). Other terms refer 

to the shape as displayed in a 

cross section of the stem. A Fig. 34. Fig. 35. Fig. 36. 

stem is round {teres) when it pre¬ 
sents a circular section; com¬ 
pressed {compressus) when the 
section is elliptical; angular 
when the section is polygonal, 
under which head are distin- Fig. S4. a trtqnetroia «tem. 

guished, in a thrce-angled stem f!|; 1 •*«“• 

for example, triquetrous if the 

three angles are sharp (fig. 34), triangular if they are about right 
angles, and trigonous when the angles are obtuse or rounded oft. 
When the surfa^ presents a great number of longitudinal ridges, it 
is oaScodL.rttbed (fig. 36); numerous longitudinal groovM render it 
furrowed {sulcatus). In some cases the projecting angles of stems 
are winged {(flatus), as in many Thi|tle8; in other cases the stem or 




THS JJSiS. 


branch is flattened iro &s to resemblo a leaf, in which case the term 
cladode is applied. 

d. The surface of a stem may be smooih (Icevis) or itriate (ttriatut), 
i. e. marked with fine grooves and ridges. It may be devoid of epi¬ 
dermal appendages or glahrmis (glaber), or furnished witlj a more 
or less dense coat of hairs (piloatis, hirmtvs, lanatus, &o.), Or it may 
be set with bristles (setosus), glandular or otherwise, or with thorns 
(^inosm). 

Similar terms are still more commonly applied to the surfaces of leavts, 
under which head they will be more minutely defined. 

e. A stem is either simple or branched • if the ramification is ex¬ 
cessive, it is called much-branched (ramosissimvs). The branches 
may he erect, spreading {patens), outstretched {divaricatus, patentis- 
simus), dejlexed {dejlexus), or pendulous {pendulus). These qualities 
especially affect the crown of trees, which is sometimes called 
their egjjie. 

f. Different terms are applied to plants with woody stems, ac¬ 
cording to their division and mode of branching. A tree {arbor) 
is a plant with a woody trunk and t)ranched head, above 25 feet in 
height. A small tree {arbusculus) is a similar plant, which never 
rises above 25 feet in height. A shrub {frutex) is a kind of dwarf 
tree, where the main trunk is little developed, and the whole never 
attains a height of moi#than' 15 feet. Under-shrub {fruticidtis) is 
the diminutive of this, applied to kinds which do not exceed 3 feet 
in height. A bush {dumus) is a kind of shrub where th^ principal 
axis is not readily distinguishable, the lateral branches being deve¬ 
loped very freely close to the ground, so as to hide the main stem. 

Sect 4. Tub Leap. 

59. Leaves are the lateral organs attached to the ascending por¬ 
tion of the axis, and in general are flat, expanded plates, produced 
directly from the superficial part of the stem, and from which, after 
a certain term of existence, they are removed, either by breaking off 
at a distinct joint, or by decay. 

In some cases, as in Cactus (figs. 30-S2)J the true leaves are absent, 
their bffice being filled by the green rind" of the stem. Normal leave^ 
belonging to the vegetative system, ate alone taken into account in this 
chapter; the modified foliar organs composing Sowers must be treated 
separately. • 

60. The leaves arise from and mark the nodes (§ 44) of the stem; 
and it has been already stated that it is at the n^cs, in the axUs 
of leaves (§ 43), that lateral or axillary buds are as a* general rule 
produced. From this it follows that the arrangement of the leaves 
must be of great importance,,not only in reference to their own re- 
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lative positions, but os determining more or Idbs completely the plans 
of ramification of stems. It is found that the modes of arrangement of 
leaves are in accordance with certain general laws; and a particiilar 
athdy of these laws has been pursued, under the name of Phillotaxt. 

61. leaves exhibit two principal types of arrangement: either 
they are'solitary, one only 
occurring at a node, or 
two or more spring from 
the stem at the same 
level. When the leaves 
stand alone, they are said 
to be alternate or scattered 
(fig. 37); where two stand 
at the same level, facing 
one another, they are called 
opposite (fig; 38); and if 
more than two originate 
from one node, forming a 
circle, the leaves are called 
whorled or vertidllate. 

Very rarely two leaves ap¬ 
pear to spring from the same node, as in what arc called geminate 
leaves (Solanum). This condition is suppo^pd to arise from irregular 
displacement and partial adherence of one of the leaves to the stem. 

Really yhorle'd leaves are not so common ns is sometimes imagined, 
the whorled condition being imitated in some cases, as in many Stel- 
latsef by an excessive development of interfoliar .stipules; truly whorled 
leaves are seen in Parts and Myriophjllum. Representatives of the two 
principal t 3 'pes are found in the embryo of Monocotyledons and Dicoty¬ 
ledons—the former having a solitary cotyledon, the latter having two, 
placed the one opposite to the other (fig. 2); but this opposite arrange¬ 
ment of the cotyledons is not always associated with a like disposition of 
the true leaves. 

62. Alternate leaves exhibit many modifications of arrangement. 
Sometimes they are truly alternate; that is, the second leaf is exactly 
on the opposite side of the stem from the first, and the third exactly 
over the first; a series «f leaves arranged in this way form two 
perpendicular rows. Such leaves are termed distichous or two-ranked 
(fig. 37); examples of which are found in the Grasses. 

If the second leaf is not opposite to the first, but at a point dis¬ 
tant from it one-third of the •circumference of the stem, and the 
third leaf one-third further round, the fourth leaf, likewise distant 
one4hird from the preceding, will stand over the first. Leaves so 
arranged fipirh three perpondficnlar rows, constituting the tristichem 
or three-ranked arrangement, which is common among the Mono¬ 
cotyledons (fig. 39). 


Fig. 38. 



Fig. 3}. DiaCTam of the arrangement of alternate disti* 
chona lenrea. 

Fig. 38. Diagram of the arrangement of deensaate oppo* 
Bite and tetraatiehouji leaTea. 
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63. Now, when.a lirfe is drawn round the stem so as to pass 
regiJarly from leaf to leaf, we find that its course is spiral. In the 
distichous ease the ^spiral line commencing at any given leaf com-» 
pletes one circuit and commences a new one at the third leaf; iit 
the tristiehous arrangement the spiral completes one circuit and 
commences a new one with the fourth leaf (fig. 39). The series of 
leaves included by the spiral line in passing from the first leaf to 
that which stands directly above it is called a c^le (fig. 40); the 
fraction of the circumference of the stem, which measures the distance 
between any two succeeding leaves in a cycle, is termed the angular 
Myergmce . which in the distichous case is onc-half (^), in the tn- 
stichous one-third (^). These fractions not only represent the an¬ 
gular divergence, but also the entire character of the arrangement; 
for the numerator, as is seen, indicates the number of turns of the 
spiral forming a cycle, while the denominator expresses the number 
of leaves in that cycle. 

In the pentastichous, quincuncial, or five-ranked arrangement of 
leaves the conditions are more complex. The sixth leaf of course 
stands over the first (figs. 41 & 42), commencing a second cycle; 
but the spiral lino passing through the first five leaves makes two 


Fig. 39, 



Fig. 40. 



Fig. 42. 



Fig. 41. 



Fig. 38. Frojrotion of the } wnngenient. 

Kg. M. Honwntal prejecUon oti0ojcle of the 4 unuuremeat 
Fig. 41. Projection of the ^ amngement, 

Fig. 43. HoriionM pnjeotlon ofn cycle of the | uruigement. 


circuits round the stem; moreover the successive feavew stand at a 
distance from each other of two-fifths of the circumference of the 
stem; and therefore the eigiresaon of the angular divergence, in- 
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dicstes also the number of turns round the’ stem in the cjcle, and 
the number of iearos in the cyde, as before, 

, The relations here existing are found to hold^ good when further 
Oarried out. The next degree of complexity of the arrangement is 
where eight peipendicular rows of leaves exist, and the ninth leaf is 
over t6e first. In this case the spiral takes three turns in completing 
the cycle; and the expression denoting the turns of the spiral and 
the number of leaves in a cycle, also corresponds to the an^ar di¬ 
vergence of the successive leaves. 

■V^en we place the foregoing figures together, thus: it 

win be observed that each fraction has its numerator composed of 
the sum of the numerators of the two preceding factions, and its 
denominator of the sum of the two preceding denominators ; and it 
is reaUy found that aU higher complications, in normal conditions 
of stems, exhibit some further indication of the same ratio, and are 
marked successively by Th' li’ 


The simpler forms of arrangement are the most common; those marked 
by higher lotions are chiefly foimd in plants with the leaves much 
crowded, as in the House-leek and its allies. The scales of the cones of 
Pines and Krs offer most beautiful examples of these spiral arrange¬ 
ments. The following examples may be mentioned for observation:— 


Fig. 43. 



Plan J. Leaves of Clrasses^ Iris, "Gla¬ 
diolus, Elm, Lime, &c. 

Plan i- Leaves of Sedges (Carez, Setr- 
Orchids, Tulip, Alder, Birch, &c. 

Plan f. Leaves of Apple, Cherry, 

Pcralar, Oak, Walnut, &c. 

Plan J. Leaves of Flax, Road-weed 
(Hantago) (%. 4.3), Holly, Aconite, &c. 

Plan A. Eyes (buds) of Potato-tubers, 
cones 01 Fimu Slrobus (fig. 44). 

Plan A. Cones of Larch (i. europaa'), 
i%MM J%ea. 

When the leaves are very numerous 
and much crowded, it is often difficult to 
trace the fundamental spiral, as the ver¬ 
tical ranks are not evident. In these 
cases the arrangement is ascertained by 
studying the secondary sprals which appear. These are more or less 
numerous, according as the fractional expression of the fundamental 
spiral is higher. 

For example, in examining the cone of the White Pine, a complex 
spiral arrangement is At oncA TACOg^ized, which will be understoodT by 
reference to the adjoining diagram (fig. 44). Starting from the lowest 
scale, as 1, and tradng up a flat spiral line to the Ufl Wd (fig. 44 h-b) 
■*'0 fliirfth^ it will leave untouched a similar roiral series, running in the 
tame dSieetion, between its turns; these two spirals t<^ther will mclude 
an the scales of the cone; and if we number the successive of the 
first spiral 1,8,5,7, &c., always with is difference of 2, and then those of 


BoMtte of Imrei of Fiantagt media, 
seen bom nbore; the leares on the 
I type. 
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the second spiral 2, 4i, 6, 8,10, &c., we define ottf first two secondary 
spirals. Next we shall find, that by passing through 1,4,7,10 (fig. 44 e-c), 
&c., we mark a spiral running to the right hand, more oblique than the 
first two, and we find that there are two other spirals parallel to this 
right-band spiral, running through 3, 6, 9, 12, &c., and 2, 6, 8,11, S^., 
nming three of these right-hand spirals, whoso scales have .numbers in¬ 
creasing by three at each step. Next, turning to the left again, we find a 

Fig. 44. 


O' 



Com of «■»» Stntmt, with th« sHet in the A 
still steeper spiral ascending ftom 1 through ft 11,16 (fig. 
the numoerB in the scale having a common tUfiferenco of ft wh^ nra 
these spiral! are found lying parallel, vi*. running t^ugft A 
8,8,1^ kc., 4, 9,14, &c.r2iil, 10.1«. &C. Fourthly, vra 
spiral line to the right, through 1,9,1?^ & (% 44 s-s), and we to 

spirals of this tader, the other swenbomg numbered respectively 2, a, 
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&c., 3,11,19, &c., 4,12,20, &c., 6,13,21, &c., 6,*14,22, &c., 7,16.23j &c., 
and 8,16,24, &c. If we attempt to find another spiral between the nght- 
hand, 1,9,17, &c., and the lut left-hand one, 1,6,11, &c., we find that 
tse go from 1 to 14, and this stands directly over 1 (fig. 44 a-n). It 
therefore completes the fundamental spiral of the whole arrangement; 
the difference between it and 1 (13) gives the denominator of the fraction 
expressing the arrangement; and, as has been shown above, the regular 
numerator of this number is 6, making iV. And in this case we shall 
find that a line passing regularly through 1,2,3,4, &c., to the left-hand, 
will make five turns round the cone before it terminates at 14, imme¬ 
diately over 1. 

The fraction expressing the fundamental spiral in this case, -j\, might 
also be deduced from the number of parallel secondary spirals. Taking 
the orders of secondary spirals nearest to the vertical line, on each side, 
right and left, the number of parallel spirals of the lower order of these 
two will give the numerator ,* and this number, added to the number of 
parallel spirals of the higher order, will give the denominator. Thus, in 
our example, the two highest orders are those running to the left through 
1,6,11, &c., and to the right through 1,0,17, &c. There are 5 parallel 
spirals of the 1, 6,11 order, which gives the numerator, and 8 of the 
order 1,9,17, &c.; ^nd 8+6 gives 13, =/ 5 . 

64. The perpendicular distance between the points of origin of 
successive leaves is dependent simply on the degree of development 
of the intemodes of the stem. These may be so short that, as in 
the common Stone-crop (Sedum acre), Aravearia imbrieata, &o., the 
leaves overlap more or less along the developed axis; snch leaves are 
termed imbricate ;• and this condition is very common in the leaf- 
scale forms of the leaf. A great number of well-developed leaves are 
often crowded together by the non-development of intemodes at the 
base of the flowering stems of perennial herbs, such as the various 
Saxifrages,the Tumip,Dandelion, &c.; and where 
these so-called “ rascal ” leaves arc arranged 
with some regnlarity, and spread out horizontally 
as in the Honse-leeb, they are said to be rosuUde 
(fig. 43). 

A somewhat similar condition occurs upon 
branches of some trees, on which a number of 
leaves appear to spring from one point, as in the 
Larch (fig. 45) and the Berberry; the collections 
of fa$ac!ulate_ leaves really belong to a branch 
the in^mo^s of which are not developed, so 
that they all spring at once frgm the.lcaf-axil 
in which the branch-bud was formed. 

In other Conifers, the number of leaves in these bundles is smaller, and 
very Regular/md cWacteristic; e.^., in Punu mhestrit two leaves are 
thus asmdated, in P, Cemhra throe, in P. Strobuenve, &c. In those buds 
ct the Landi which afterwards unfold into shoots, the transition from a 
iuciridate into a regular spiral ailrangemant becomes evident. 


Fig. 46. 



Fkaoioolate Imtm of 
thel^roh. 
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65. Opposite and vMrled haves likewise exhibit great r^;ularity. 

The number of leaves in a whorl is here also sometimes expressed by 
a fraction, which is enclosed in a parenthesis; the denominator in 
this case indicates Ihe number of leaves in one circle. * 

Examples of these in true leaves are fumisheS by the following plants. 

tj) plan (opposite ^ves). Pinks, Labiat®. 

(ji „ Lysimachia vulgaris, Myrica Gale, Trillium. 

(J) „ Paris quadrifoUa. 

(l) „ Myriophyttum peetinatum. • 

Sometimes the numbers vary on different parts of the same stem, as in 
Hippuris. 

66. When leaves are opposite, the pairs are , Fig. 46. . 
mostly alternate ; that is, they cross at right an¬ 
gles, the third pair standing over the first. Sdbh 
leaves are called decussate (fig. 46). With whorls 
of three leaves, again, wo usually find a similar 
alternation; the leaves of the second whorl stand 
over the intervals between those of the first, the 
leaves of the third whorl standing over the 
leaves of the first. In each of these cases, there¬ 
fore, wo have a kind of cycle ; and other cases 
occur in which the cycles are not completed by 
two whorls, but the leaves of the 3rd, 5th, 8th, 

13th whorl, &c. stand directly over those of the . 
first. This shows the existence of a spiral plan 

analogous to that regulating the arrangement of 
alternate leaves, with the same numerical ratios; and these many- 
whorled cycles exhibit secondary spirals analogous to those of the 
higher plans of the alternate leaves. In many fossil plants the pairs 
of leaves do not alternate, but are placed directly one over the other. 

It is evident that if the intemodcs between the component leaves 
of any individual spiral cycle Were undeveloped, while those between 
successive cycles were lengthened, a verticillate arrangement would result. 
In certain plants (for example, the Myrtle, the Antirrhinum) alternate 
and opposite leaves occur on the same stem. This is the case also in those 
Dicotyledons where the true leaves succeeding the opposite cotyledons 
are alternate, as in tlie Scarlet Beau, Mustard, &c. The arrangement of 
the leaves ia the manner above indicated is to a great extent connected 
with the disposition of the fibro-vascular bundles of the stem. It should, 
however, be stated that the arrangement of the leAves on the stem is not 
always the same os that on the branchei^ • 

eV. Certain terms are in common use in descriptive works to 
indicate the absolute position of leaves upon the stem. The name 
radical leaves is applied to those, usually of larger size than thereat, 
which are often found collected at the base of flowering stems of 
herbaceous plants, such as the^ondelion. Lettuce, Turnip, Planiago 




46 


XOBPSOLOOT, OK COlfPABATIVB 


(6g, 10), &C. The ordinary leaves of the stein are sometimes distin¬ 
guished as eauline or Btem-leaves, while the term ramal is occasion- 
idly used for those on the shoots of trees and shrubs when these 
pi^nt special characters. 

The {eaves belonging %o the inflorescence are called bracts. Their 
phyllota^y agrees with that of the stenl-leaves. 

68. The point where a leaf springs from the stem is commonly 
called the insertion. Leaves are either articulated there, separating 
when dead by a distinctly chafacterized line of fracture, or they merely 
wither down, and leave their bases as a ragged covering to the stem; 
the latter condition occurs mostly in leaves with shea^ng bases. 

69. A perfect leaf is divisible into two regions (fig. 47)—the blade 
or lamina (b), and the leafstalk or petiole (c); the latter, when pre¬ 
sent, may be more or less completely represented by a sheath or 
vaffina (a), partly or wholly embracing the stem from which it 
arises. At the base of the petiole often occur distinct leaf-like ap¬ 
pendages, called stipules. All parts of the leaf—blade, stalk, and 
stipules—are much subject to modification, and may even exist in the 
forms of tendrils, spines, pitcher-like organs, &c., very unlike regular 
leaves. These metamorphosed leaves, or parts of leaves, are best 
treated of separately. 


Fig. 47. 


Fig. 48. 



The stalk-like TOtiole _(fig. 48), most common in Dicotyledons, alkrays 
has the base slightly widened out at its point of emeigence from tne 
stem; in th$ leaves of Palms, the Banana, Scitamineas, &c., the base is 
expasAbd so as to embrace the stem, while in the Grasses the petiole is 
entfrui^yze^^nted by a sheath (fig. 62). The green part of the leaves 
of m Hyacinth and other bulbous phu^ is the blade, and will be found 
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continuous below with a colourless, fleshy, petiolar portion, ibnuing one 
of the “coats ” or sheaths of the bulb (fig. 16). 

70. The loaf may, however, bo represented by one only of the 
regions. It is very'oommon to find leaves without distinct petioles,- 
the blade springing directly from the stem; such leaves are called 
sessile (fig. 49). On the o^or hand, the petiolar region' ma/ exist 
without the blade; and among the cases of this sort a considerable 
variety of conditions is met ■with. Petiolar structures, devoid of 
lamina), and more or less reduced to scales or membranous sheaths, 
ore commonly found on subterraneous stem-structures, such as 
bulbs, rhizomes, &c., whence we have denominated this part of the 
stem the “ leaf-scale region ” (§ 45). Similar scales appear in place 
of green leaves in the “truo-leaf ” region of various parasitic plants, 
such as Orobanche, in which the loaves have no physiological function 
to perform; and they recur periodically on the stems of arborescent 
plants which form ■winter-buds, in the shape of bud-scales. In the 
true-lcaf region the blade is either supported on a stalk-like or 
sheathing petiole, or is sessile. The sessile condition is generally 
more common toward the upper part of stems and shoots; and in 
the bracts or leaves belonging to the inflorescence the petiolar region 
is comparatively seldom developed. The first leaf (Vorhlatt of the 
Geimans) on a branch in many Monocotyledons, and in some Dicoty¬ 
ledons, is of a different form the rest. 

71. In some families the true-leaf region is clothed -with petioles 

expanded into the form of laminte; these are called phullodes (figs. 
50 & 51), and in such cases the true laminar region is often partially 
or entirely suppressed. • 


Fig. 50. Fig. 61. 



Tig. 40. A Mwile leaf. Tig. Sa ThyUodinm of aa Anci*. 

Tig. U. Two phrllodU of Osalit one with »tenate b^e. 


The transition from the petiolar leaf-scale organs into pei^ct leaves 
with sheathing petioles may be observed not onfr in bul^ but in many 
Grasses with creeping stems, whu^ exhibit, at tne junction of the leaf- 
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scale and true-Ieaf refiponB, sheaths sumuunted by short green lancet* 
shaped laminse, increasing in leng^ in successive leaves. 

^ 72. When the petiole appears as a distinct leaf-stalk, it is often 
‘accompanied by a pair of more or less distinct foliaceous appendages 
at its base, called stipules. When these exist, the leaf is called sti~ 
puZat^(dg. 66); when they are absent, exstipulate. 

The presence or absence of stipules is often a very regular character of 
Natural Orders. The various forms of stipulate petioles form a kind of 
transition to the petioles with sheathing bases. 

73. The petiole is usually of semicylindrical form, with the flat 
surface above; not unfrequeutly the upper surface is channelled 
(eanalieulate), giving a more or less crescentic section; in a few 
instances, especially in the Aspen, it is laterally compressed. Where 
it is round or cylindrical its structure is like that of a branch. 

The stalk-like petiole is either simple, when it supports a single 
blade, or it is branched or compound, when the blade is composed 
of a number of distinct leaflets; the branches are sometimes called 
partial petioles, and may even be articulated at their points of origin 
from the primary petiole. 

Compoimd petioles supporting the leaflets of compound leaves are 
known from branches by arising independently from the stem, by having 
buds in their axils, and by the absence of any indication of a leaf imme- 
' diately beneath them. 

• 74. The flattened or leaf-like petiole, called a phyllode, resembles 
a lamina, but is known by standing edgewise on the stem—that is, 
with its flat &ceB parallel with the direction of the stem ; in some 
cases phyllodes exist without true laminae, in others the lamintc are 
more or less developed at the summit (fig. 51). 


Fig. 64. Fig. 66. 



Ftg. ft2. Leafo^eath of a with an entire UgyAa% 

Pig. 6S. Leaf-eheftth of a Orua, with ft bfild ligula. 
Pig. M. leftf'ftheftU) of 

. pig. 66. ShmtMng bow of t^e petiole ^Angdioa, 
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Striking exBxavies of ph^Uodia with or without laminas are furnished by 
various species of Acacia (iigs. 50 & 9C), in many of which the blade is 
present, compound and bipiunate. 

76. The sheathing portion or vagina is the only portion of tho"’ 
petiole which is developed in certain plants, as in the Grasses and 
Sedges (figs. 52-54), in which it forms a complete sheath to thd^stem, 
and passes at once into the blade at the top: this sheath is merely 
roUed round the stem in the Grasses; but its margins are confluent, 
so as to form a tube, in the hedges. The vaginal pctiolar region is 
more or loss distinctly evident in many Monocotyledonous leaves 
which at first sight appear to bo sessile, as in the Tulip, Hyacinth, 
&c.; and it is generally more or less developed at the base where a 
distinct leaf-stalk exists in this class, as in the I’alms and, above all, 
in the Musacese. In many Dicotyledons also the base of the stalk¬ 
like petiole is enlarged into a sheath, as in UmbcUifcrs (fig. 55). 

76. Sometimes the stalk-like petiole is winged (alate), as when a 
narrow plate of the blade structure springs from its margins; in cer¬ 
tain cases these wings are decurrent down (or, rather, are continuous 
with the^ides of) the stem from wliich the leaf arises, as in many 
Thistles, Verhascum, &c., producing a winged or «?af«,stcm. 

77. The petiole is ordinarily more or less distinctly jointed to the 
stem; and when the leaf falls, it leaves a more or less extensive well- 
defined scar upon the stem, called the cicatrix : in woody Dicoty¬ 
ledons there is generally a little protuberance under the cicatrix, 
which is termed the pidvinus. In Monocotyledons the cicatrix is 
usually very broad, from the base of the petiole embracing the stem 
widely. In some cases the petiole is not regularly disarticulated, bht 
withers down ; but then the decay generally terminates at a de^te 
point a little above the base, leaving a portion of the latter in the 
form of a sealo-like or tooth-like process projecting from the stem. 

Tooth-Uke processes left by the decay of the petioles may be seen on 
the under^ound stem of the common Primrose &c., and on the trunks of 
certain Palms. 

78. The stipules or leaf-like appendages of Pig. 66. 
the petiole usually stand at the base of the pe¬ 
tiole, one on each side, free or adherent td it 
(fig. 56). The/r«c leafy stipules are sometimes 
highly developed, and in Lathgrus Aphaca they 
exercise the functions of the blade, the leaves 
of this plant consisting merely of a pAiole de¬ 
stitute of a lamina. When the margins of the 
stipules next the petiole are continuous with 

that organ, forming as it were wings to it {Sosa), . • 

they are called adnate (fig. 67). They are also often united by their 
margins independonlly of the peti»le, or, in other words, ore not sepa- 
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rated from each other ( connate ) : thus in the'^Plane tree and in Astra- 
galus they are united by the outer margins (turned away from the 
.petiole) so as to form a kind of leaflet on the opposite side of the 
rtem (intrapetiolar); in Potamogeton they are united by their inner 
maigips over the petiole, so as to form a compound cucillary stipule; 
in the'PolygonacesB they are not only united on this side, but also 
by their outer margins on the other side of the stem, thus forming 
a short tubular' sheath round the latter, called an ocrea (fig. 58). 
All the above cases relate ‘to stipules of single leaves ; but similar 
coherence or lack.of disunion occurs in the stipules of opposite leaves, 

Kg. 67. 

Fig. 68. 


Conipolind (pinnate) leaf of the Boae, Ocrca of Tolygonum, 

with adnate stiptilee. 

« 

where it is not uncommon to find the two stipules which stand be¬ 
tween the leaves, at back and front, more or less confluent into a 
single leaf-like or scale-like body (interpeiiolar stipule), so as to form 
a kind of whorl with the true leaves. 

This interpetiolar confluence of the stipules is very characteristic of the 
Order Rubiaceoe; and the apparent whorls of the Stellfita (Galium, &c.) 
often exhibit a confluence of the highly developed leaf-like stipules. 

79. At the summit of the sheath of the leaf of Grasses exists a 
litlie membranous scale, connecting the blade with the epidermis of 
the stem; it is either entire or forked at the top (figs. 52 & 53); this 
structure, called the ligule, is a mere excrescence from the st alk 

The stipules of some plants fall off at an early period. This is the case 
with the interpetiolar stipule# of various Rubiaceous plants. It also 
occurs cdmmonfy when the stipules form envelopes of the leaf-buds, as in 
Magnoliacese, J%cus dastica, the Beech tree, &c. 

80*. Sntall secondary stipules exist at the base of the partial pe¬ 
tioles of some compound leaves, especially of Leguminosm {Desnw- 
dium); they are c^ed stipeb (stipellai). 
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81. For convenience of description the stipule has been here 
treated as if it were uniformly of the same nature, varying only in 
form, position, &c. ,In point of fact, however, the morphological*, 
nature of the stipules varies in different plants : sometimes they re¬ 
present mere excrescences from the petiole; at other times the^ con¬ 
sist of the lower leaflets of a compound leaf (^Laihyru*), or they may 
be leaves formed on a contracted and rudimentary axillary branch. 

82. The lamina or blade (fig. 47 h) of the leaf constitutes the most 
important part of the structure, and cxhioits the greatest variety in 
its forms, which latter require to be studied in detail, as they often 
furnish the principal characters for the discrimination of species of 
Flowering Plants and Ferns. It is ordinarily a flat plate, possess¬ 
ing an njtper and lower surface, turned respectively towards the sky 
and the earth, two margins, a base, and a summit. 

In plants of succulent habit the thickness of the leaves is often so great 
that the sides are as broad as the surfaces, or they are more or less 
confounded in a cylindrical, prismatic, or some similar form {MesembryaUf 
themum) ; and similar external forms are presented by the cylindricu or 
flattened fistular leaves of the Onion &c. 

83. If the blade stands alone upon an undivided petiole, or is ses¬ 
sile on the stem, it is called simple (fig. 48). Where the petiole is 
branched, and bears more than one distinct blade, the leaf is com¬ 
pound (fig. 57), and its separate blades arc called leaflets. Both simple 
leaves and leaflets may bo entire —that is, the blade may be undivided 
at its margins; or it may be more or less deeply incised or lobed. 

84. The general form of simple and compound leaves, and the 
character of the subdivisions of the blade of simple leaves and of 
leaflets, are associated wth the plan of arrangement of the skeleton 
of the leaf. The solid framework of leaves is composed of woody 
structures which when large are usually termed ribs (coste), the 
small diAions being caUed indifferently nerves or veins. The plan 
of arrangement of the framework is called the venation ; the ordinary 
custom is to call the principal ribs nerves, and the smaller branches 
veins. When a distinct principal rib, continuous with the petiole, 
exists, it is called the midrib. 

The Buperabundanco of termB is an inconvenience here as in many 
other departments of Botany. W'here it is necessary to select, it is 
advisable to choose those terms which are least pbjectionable as not 
involving hypothetical nitons of function ^ but the term nerve may be 
regarded as figurative. • 

85. The modes of nervaturc of leaves may be classed under four 
principal heads:— 

1. Straight- or parallel-nerved (folia parallelinervia), wlion (with 
or without a midrib) the principal ribs run in more or less pa¬ 
rallel lines from the base to 4he sumipit (fig. 59). 

n 2 
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2. Curvinerved (/. eurvinervia), when the principal ribs run in 
curves from the base to the summit (fig. 60), or from the mid¬ 
rib to the marpn (fig. 61)—differing little from the foregoing, 

’• but occurring in broader leaves. 

3. ^ahninerved {f. palminenia), when the principal ribs radiate 
from a point at the base of the leaf (fig. 62). 

4. Fenntrurved (^f. j)(^ininervid), when the strong midrib gives off 
the side-ribs at a more or less acute angle, like the blades on the 
shaft of a feather (figs. 61 & 63). 

_ The term triple-nerved (tripUnervia') is sometimes used for a modifica¬ 
tion of No. 4, approaching to No. 3, when the midrib gives off on oacli 
side near the base a strong, side-rib, which runs up within the. margin 
towards the summit. Feather-ribbed (penninerred) and hatul-rihhed (j>at- 
mhtrrved) leates are most common among the Dicotyledons, but tliey 
occur also in niany Monocotyledons,—the foniior, for example, in most 
Palms, Musaceee, Zingiberacem (fig. 61), &e.; the latter in tlie Fau-palui, 
Smilaceffi and Dioscoreacem, &c., where there is a ta’ansition to the ettrved- 


Kg. 69. 



rig. 69. A panllcl-gerTcd letf. 

S*' a?* ^ curvinerTefi leaf of Gloriaea tvperba, tenninating in n tendril. 
Fig. ol. A penninerred leaf of Cannn, with ourred tecondaix nerves. 


ribbed condition (fig,60), which, with the tirai^t-ribbed (fig. 60), is most 
common in the Monocotyledons. Straight-rwbed leaves occur not luifre- 
fluenriy in Dicotyledons, as in Oahyrus &c. The most important di.stinc- 
pon in the ribbing of the two groups is, that in Dicotyledons the main 
pb or ribs branch repeatedly at more or less acute angles, and anastomose 
my their slander twigs, so as to form a netted or reticulw framework; while 
in Monodotyledons the branches passing from the main riba go off nearly at 
fright angles, become suddenly much more slender, and form a kind of square 
laUked or cmeeOaU framework when they are strongly developed (fig. 60). 
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86. Tho genoral outlind of leaves or leaflets is indicated by certain 
technical terms, such as:— eirctdar or orbicular {Hydrocotyle, Tro- 
jxeolum rmjvs) (fig.^80); roundish or subrotund, approaching the. 
foregoing (fig. 64); elliptical (fig. 65); ovate, egg-shaped "with thei‘ 
broad end nearest to the stalk (fig. 66); obovate, tho same shape, with 
tho narrow end nearest to the stalk (fig. 67); lanceolate' or Tance- 
shaped (fig. 68); sagittate or arrow-shaped (lig. 69); hastate or dart¬ 
shaped (fig. 70); cordate, the shape of a heart on playing-cards,-with 
the broad end nearest to the stalk (fig. 71) ; obem-date, the same shape, 
with tho point attached to tho stalk (fig. 101) ; reniform or kidney¬ 
shaped (fig. 72); rhomboidal; triangular ; or the reverse of this, 
cuneate or wedge-shaped (fig. 81) ; deltoid ; spathvilate or spatula- 


Fjg. 64. 



A palminc^rvcd A penninerred A sQbrotand, entire* « 

serrate leafl entire leaf. penninerred leaf. 


shaped (fig. 73); ensiform or sword-shaped (as in the Garden-flag); 
linear, a long narrow form with parallel margins (fig. 74); subulate 


Fig. 05. Fig. 60. 



65. An elliptical serrate leaf. Fig. A7. An obovate entire leaf. 

Fig. 66. An orntct aonte, and dentate leaf. Fy. 68. A lanoeolate leaf. 
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or awl-shaped, a slender, short linear forifa soon ending in a point 
(fig. 75); acerose, needle-shaped and rigid (Pines, Juniper, &c.). 

. 87. Sometimes the forms are intermediate between some of the 

■foregoing, in which cose two of the terms are combined, such as 
ovat&-lanceohte, signifying a leaf broader than lanceohte, and with 
the leaver half wider, as in ovate; linear-lanceolate, a long and nar¬ 
row lance-shaped blade, and so on. The term oblique is applied to 

Fig. fiO. 



A baetate leaf. A Mtgittate leaf. A cordate and cuspidate Icar 

leaves where the portions on either side of the midrib arc unequal, 
as in the Begonias, Lime, Elm, &c. (fig. 76). 

. Fig. 70. 



88; Spwial terms are also required to describe the character of 
the base of the leaf. Thus, cordate the base may be added to ovate, 
eUiptical, or other form, where thistcondition exists; if a sessile leaf 
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has a cordate base, it becomes auriculaU or eared (fig. 77) when 
the borders are free, amplexicaul or clasping if they adhere to the 
stem. The last form is a transition to the decurrent state (§ 7ti). 
When the posteriof lobes of a sessile leaf extend round the stepi 
completely and become confluent on the other side, the stem appears 
to run through the leaf, and the leaves are called perfoliate (fig. 78); 
when the basilar lobes of a pair of opposite leaves cohere on each 
side, so as to produce a similar condition, the leaves are termed con- 
nflfe .( fig. 79). Sometimes the blade is gradually narrowed towards 
the petiole, and becomes attenuated at the base ; when the blade passes 
still more gradually into a broad-winged stalk, a spathvilate form 
results. 


Fig. 78. 



89. Another character relating to the base is 
the mode of attachment of the blade to the pe¬ 
tiole. Usually the midrib, or set of primiary ribs 
of the blade, is in a direct line with the petiole; 
but sometimes the ribs, as they puss from the 
petiole into the blade, separate and ra<fiiite from 
the top of the stalk, so that the latter appears to 
be inserted into the hach of the loaf; such a con¬ 
dition is called peltate, and occurs jn Nehnnhium, 
'Tropfeohim majus, and other plants with prhi- 
cular leaves (fig. 80). 

90. The apex or point of the leaf has certain 



characters: it may be acute, or sharp (fig. 06); acuminate, 
or with the point rather drawn out (fig. 76); atspidate,% 
with a more produced, slender, sharp summit (fig. 7l5: or 
mucronate, when it is tipped with a spine (fig. 8f). It may 
also be obtuse, when nn ordinarily poititcd form is suddenly 
rounded off at the tip; entarginate, when there is a 
shallow notch where the point should be; retvse, ^yhen a 
notch of this kind is deep; this last form approaches to. 
the obeordate (fig. lOl). ’ 

91. The margins of ^c leaf aje.either entire, that is, with 


Fig. 81. 



A 

And iniuvo* 
Dnl« leaf. 
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an unbroken edge (fig. 64); cren/ite, when'they exhibit a series of 
small rounded teeth or scallops (fig. 72); dentate, when the teeth 
are acute and pointed radially (fig. 66) ; serrate, when sharp teeth 
point towards the apex (fig. 76); rc<ro8«rrafe® when sharp teeth 
point towards the base. If there are coarse teeth, the margins of 
which'are again more finely toothed, as in the Elm, the loaves are 
dovhhj serrate (or doubhj dentate). Sometimes it is requisite to say, 
irregxdarhj toothed, or incised, as in many Thistles ; and these teeth, 
as well as those of regularly dentate or serrate leaves, may be tipped 
with spines, when they are termed spinose-serrate, &c. When the 
outline exhibits shallow wavy curves, it is sometimes called repand 
(fig;8. 79 & 80). The margin, may also bo revolute, or roUed back 
toward the lower face (fig. 68). Sometimes, through excessive growth 
of the marginal parenchyma, the edges of the leaf are undulated (as 
when the edge of a strip of paper swells from being wetted (fig. 88). 

92. Avery large number of simple leaves, and of leaflets of compound 
leaves, are divided more deeply between the principal ribs ; to such 
the general name of hhed leaves is often applied, and the more or less 
distinct parts arc called lobes; thus we may have bilohed (fig. 82), 
trihbed (fig. 83), and so on, according to the number of the divisions. 



93. But it is found requisite in Descriptive Botany to subdivide 
lobed leaves into more definite classes; of these there are two prin¬ 
cipal types, defined by the character of the ribbing. When the 
ribs are arranged on the feathered plan, we first take the prefix 
pinnati- {feathers^', and subjoin to this a word indicating the degree 
or kind of division, thus: pinnatifid {feather-deft), if the broad 
notches between the lobes extend from the margin to about half¬ 
way between ti^ and the midrib (fig. 84); gnnnatipartite, if the 
notches extend nearly to the midrib (fig. 85); pinnatisect, if the sepa¬ 
rate lobes are almost free, and merely connected by a narrow strip 
of parenchyma. Certain less frequent modifications of these forms 
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of the feathered type we conveniently distinguished by technical 
tanns, such ns:— sinuate, a form cither of thopinnatiJidoTpinnatmet 
leaf, when the excavations and the apices of the lobes aro rounded, 
as in the commorf Oak-loaf; lyrate, a pinnatifid or pinnatipart^ 
leaf, with the end lobe muen lar^r than the rest (fig. 86); rutv- 
cinate, a lyrate or simply pinnaiijid leaf with the points of th» lateral 
lobes tunied towards the base, as in the Dandelion. When the in¬ 
cisions are deep, but very irregular in size and form, the term laci- 
niate, is sometimes employed. 

When the ribs have the palmate arrangement, similar terms arc 
subjoined to the prefix palmi-oi palmati-, as pahnifid (fig. 87), pal- 
niiseet (fig. 89), find palmipartite (fig. 88), according to the depth of 

Fig. 88. 



A iialmidd Icftt A pnlmipartite U'^f, the !obc» undnluteiL 


the divisioii.a. A special modification of ihis type occurs not tinfre- 
(luently, whoi the lower or outer rib.s, and consequently the basilar 
lobes, turn back more or Ic.ss towards the petiole : such leaves arc 
generally deeply cut: but the general prefix pcdatl- may be used in 
the words pedatijid, pedatiseet, or pedatipartite (fig. 9(i), according 
to the rule given above. 


Fig. 89, Fig. 90. 



A lc«f. 

I> O 


A p&imlecct leaf. 
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The btlobed, trUobed, qttinquelobed, and similar forms aro usually re¬ 
ferable to the palmate type, and should be more detitlitely named if thiiy 
occur in a ffenus when; the leaves exhibit many of these forms in & constant 
manner; if the leaves are inconstant in the depth of the divisions, these 
ffiore general names aro preferahle. 

94. ^Simple leaves divided on the feathered plan exhibit also more 
complicated conditions. The primary lobes of a piimately cut leaf 
may bo subdivided again in the same manner, and the secondary 
lobes again into tertiary lobqs. These are named on the same piiu- 
ciplcs, bipinnati- or tripiunati- -fid, -sect, or -partite, according to 
the degree of division of the last set of lobes, i. e. of the secondary 
lobes of bipinnntifid (fig. 01) and the tertiary of tripinnatifid. Vi hen 
the’leaves arc subdivided a fnurtJ: time, or even where tripinnatmect 
■ leaves have filiform segments, the term clis.serted is usually employed. 

In the foregoing paragraphs we have endeavoured to exclude those 
numerous technical terms which are eitht'r indetinite or superlluou.s, 
and may be relegated to glos.saries. It must bo home in mind tliat the 
terms above defined are applied in a similar manner to the leallet.s of 
compound leaves, next to he described, Ijeing subjoined in description to 
the terms which define the plan and degree of division of the petiole. 

95. Compound leaves arc such as Imve the petiole branched once 
or more times before it bears blades; the branches of tho petiole 
are called partial petioles or petiolules, and are often articulated to 
tho main petiole, which in this case is occasionally teniicd tlu> 
roahis. StipeLs qceur at the bases of some partial petioles. 'Tho 
separate blades of tho leaf are called leafiets (foliola), or piumr. 
Compound leaves may be classed generally into siinjily, doubly, 
trijfiy compound or decompound {supradecompositn), according to 
the number of successive branchings of the petiole. The ramifi¬ 
cation follows the same types as that of the ribs of simple leaves, 
and exhibits analogous subordinate modifications. 

Pinnate leaves are such as have a rachis bearing sessile or stalked 


Fig. 91. Fig. 92. Fig. 9.1. 



A UfluatiSit laaC An imparipin^pte leat A paripinnate leaf. 
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lateral leaflets arranged on the feathered plan. Sometimes there is 
an odd terminal le&flet, when the leaf is unequally or impari-pinnate 
(fig. 92). When there is no end leaflet, the leaf is abruptly or 
pari- pinnate (fig. ^2). Interruptedly pinnate means that the oppp- 



site pairs of leafleis arc alternately large and small, as in Agnmonia. 
The pairs ef leaflets are sometimes calledand if only one pair 
(ixists. the leaf is imijuyate (tig. 94) ; if more pairs, multijugaie. If 


Kg. 98. 



A bipinnate leaf, the piniue imperipiBliate* A tripiasate leaf, the piaa* imparipiBBate. 
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the leaflets are not in pairs, but alternate with each other, the loaf is 
cdternipinnate. 

. Bipinnate leaves are formed when the ihoin petiole bears secondary 
ptttioles with distinct leaflets pinnately arranged (figs. 95-97). Tri- 
pinnafc leaves exhibit an additional (tertiary) series of partial petioles 
with dJotinct leaflets (fig. 98). When the division goes beyond the 
third degree, the leaves are called decompound (fig. 99) ; but it is 
more common to find bipinnate or tripinnato loaves with their 
leaflets pinnatifid, -partite, iSie. 

Palmate (or digUate) leaves are such as have a number of distinct 
leaflets arising from one point, like the ribs of a simple leaf when the 
plan is pnlminerved. Bi- or tripahnate leaves probably do not exist. 
The only modification appears to ^lo the pedate loaf, analogous to 
the pedatisect simple leaf, but with distinct leaflets (fig. 100). 


Fig. 99. 



Ivt- 90. A pinnately decompound leaf. 
Fig. 100. A pedate leaf. • 


Fig. 100. 



Fig. 101. 



Fig. 101. A teniate leaf with obcordate leafleta. 


The terms ternate, quinate, and septenate arc often applied to pilmatc 
leaves with a dcfinite,number of leaflets. Ternate leaves, however, may 
occur either on the palmate (fig. 101)or pinnate plan; if on the latter, 
there is only one pair of datersfi leaflets and u terminal one, but in 
these the petiole is ordinarily developed between the pair of leaflets 
and the end one, IVhat are called bitemate (fig. 102) and tritemate 
compound leaves are in most cases pinnate leaves with unijugato 
and terminal leaflets. Such leaves should perhaps be called Urmto- 
pinnate or bitemato-pinnate, &c. • 
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A modified form, apparently intermediate between pinnate and palmate 
leaves, like soma tertiate leaves, occurs through the suppression of the main 
rachis of the bipinnate loaves of some Acacias, ^ving what may be 
called e, palmipinmUkioim (fig, 103). ,• 


Fig. 102. 



Fig. 103. ■ -• 



Fig. 103. A palmipinnate leaf. 


The leaflets of compound leaves of Flowering plants are ordinarily 
calledand their subdivisions foies; but in the Ferns, whore the 
leaves are highly compound, and the segments somewhat variable in the 
degwo of confluence, the primary divisions of the loaf are called pinna, 
the secon<Iary pinmtUs, and the tertiary lobes or segnumts. In highly 
compound leaves, the ramification of the petiole and subdivision of the 
laminar structure become less complex toward the apex. 

96. The varieties of texture of ordinary leaves depend chiefly 
upon their anatomical condition; but it is requisite to notice here 
several terms, such as memhramus, leathery (or coriaceous), sT/c- 
culent, &c., used in Descriptive Botany, but which scarcely require 
explanation. In aquatic plants the leaves arc usually of slighter 
texture: when they JJoat on water (natant leaves) the forms and 
general extcimal characters are not much modified ; but when they 
grow wholly under water {submerged leaves), they are not only more 
delicate, but are sometimes cut up into fine filiform segments, as 
in lianunculus aquatilis. 

97. The duration is different in different plants. Those which 
are unfolded in spring and fall otf in autifmn arc called deciduous. 
What are called evergreen leaves vary in duration: thus in ordinary 
evergreens, such as Ivy, Cherry-laurel {Prunu\ Laurocerasus), &c., 
the leaves remain through the winter and fall oflf only when the new 
ones are becoming developed in the spring ; while in many Conifers, 
as in species of Pinus, Araucaria, &c., the leaves remain attached 
for many years. 

The anatomical structure of leaves exhibits many interestjng modificn- 
tions, related in some degree to the media and climates in which plants 
grow. These will be more particularly explained in another place. 
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98. The surfaces of leaves, like those of herbaceous stems, exhibit 
a variety of conditions dependent on the character of the epidermal 
layer. The term tjlahrous indicates a smooth surface ■without hairs 
of other appendages ; i/labrescent is used to signify that a surface, 
hairy when young, becomes smooth when the leaf is mature, by the 
hairs falling off. Some smooth surfaces arc shining ; and this is very 
often the case with the upper surface of evergreen leaves. Hairy 
surfaces are differently denominated, according to the character of the 
hairs and their mode of occufrence. Thus a pilose surface is covered 
with scattered soft and small hairs, a hirsute with scattered long hairs, 
a hispid with scattered stiff hairs; while a pubescent surface is covered 
clos’cly with short soft hairs, a villous closely with longish wpak 
hairs; and when the hairs arc curled and interwoven, the terms silki/ 
(serieeus), woolly (lanatus), felted (tomentosus), ov Jloccose,o,TC applied, 
according to the coarseness of the hairs and the thickness of the coat 
they form. 

99. What may be called the natural smoothness of surfaces may 
be interfered with by other irregularities analogous in their nature to 
hairs. Slight, almost invisible rigid projectious render the surface 
scabrous; hard rigid hair-like processes, called bristles or se.he, make 
the surface setose; and similar structures still more developed (oc¬ 
curring mostly at the apex and the points of the teeth of leaves), 
called sometimes occur and produce a spinous surface. Modified, 
usually compound hairs, containing oily or resinous secretions, are 
called glandular hairo^ rendering a surface viscous or glutinous, which 
conditions, however, are sometimes produced by glands sunk in the 
epidermis. Stings are long stiffish hairs containing an irritating fluid. 
Scaly (lepidotus) surfaces are produced by the occurrence of minute 
stalked dat scales, analogous in their nature to hairs. Sometimes 
the cuticular layer of the leaf separates in minute scale-like frag¬ 
ments, giving a scurfy appearance to the surface, which is termed 
furfunueous (as in the leaves of the Pine-apple and its allies). The 
pruinose condition is that which results from the conversion of the 
cuticle into a thin detachable film of waxy matter, of which tho 
“ bloom ” of plums, grapes, &c. affords an example. 

Special Modifications of the Leaf and its Parts. 

100. Under the tead -of the petiole we have spoken otphyllodia 
as blade-Iiko forms of the petiole (figs. 50 & 51). Not only does tho 
leaf-stalk exhibit this and other modifications, disguising its real 
nature, but thet blade also and the stipules are subject to similar 
ipoddficalidns, in which the organ or region is only recognisable by 
its position and relations. 

As these metamOTpbic structures fcll under certain types, which are 
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represented in different c^s by all ihe different regions of the leaf, it is 
most convenient to describe them under special names. 

101. Pitchers (ayidia) are structures of the form indicated by 
their name, produced by peculiar modes of development of the petiole, 
the blade, or of both together. One of the best-known examples is 
found in the Nepenthes, or Pitcher-plants, in which a portion of the 
leaves exhibit a very long stalk, winged at the base, supporting at 
its extremity a pitcher-like sac of ordinary 
leafy texture, furnished at its mouth with a 
little flat plate resembling a lid (fig. 104). 

The pitcher is commonly explained as a kind 
of phijUode, or foliaceous petiole, roUed up, 
and with its margins confluent, the lid-like 
body being regarded as the lamina ; but it 
appears more correct to consider the pitcher as 
the lamina furnished with a distinct terminal 
lobe (operndum). Snrrac&nia, a North-Ame- 
rican bog-plant, has analogous pitchers, which 
arc sessile at the base of the flowering stem; 

Jlc.liumphora (Guiana) has the pitchers less 
complete, the inner side being slit down as it 
were for some distance, from the imperfect Pitcher of 
confluence of the margins of the leaf. In Dischidia Jlafflesiatia the 
pitchers are plainly fbrmed from the blade, and are open at the 
end next the petiole; and a similar condition exists in the pitchers 
formed from the bracts of Marcpraavla and Norantea. , 

Somewhat allied to the above, on a small scale, are Fig. 105. 
the utrkidl, or sacs of the Utricularia; (fig. 105), 
little bladder-like organs, closed at first by a lid, 
developed from some of the lobes of the compound 
leaves of these aquatic plants, and apparently serving 
as “ floats.” Inotheraquatic8(T'r<y)a, Pontederia, &c.) 
floats are formed by inflated pteiioles, constituting as 
it were indehiscent pitchers, surmounted by ordinary 
blades. 

• 

Toratological illustrations of the origin of pitchers are occasionally 
afforded by garden plants. This has been especially observed in the 
Tulip, in which the leaf next the flower-stalk has. been found wth its 
margins completely confluent into a kind of spathe, which bursts by a 
transverse fissure to allow the flower to ilppear. 

102. Tendrils (cirri) are thread-like processes, curled spirally, 
^ which weak-stemmed plants attach themselves to foreign bodies. 
Tliey may be modifications of any part of the leaf or of a' branch. 
In Laihyrus the blade-structure of the leaf is more or less deficient 
in dififerent species. In L. Apliica (fig, 106) it is wholly wanting. 
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the petiole running out into a tendril, which may be regarded as 
consisting either of the leaf-stalk alone, or of this and the midrib of 
the lamina. In L. odomtus (Sweet Pea) the ^innately compound 

Fig. IOC. 



Fig. 107, 



Fig. 106. LeaT»*8 of Lafhyru/t Apha(‘a, rcpresonU'd by tendrila, with foIiacooQS Btipulca. 
Fig. 107. Leaf of <r/<>ricwru «uper&'i, prolongoil into a ten«lril. 


leaf has one pair of leaflets, and usually one pair of tendrils, and a 
terminal tendril in the ordinary place of the remaining leaflet. In 
the edible garden Pea there aro several pairs of leaflets, and often 
several pairs of tendrils, with a terminal one. In Gloriosn mperha, 
a Liliaceous plant, the broad simple lamina runs out into a terminal 
tendril (fig. 107). In Srnilax (fig. loS) the two .stipules are rejme- 
seflted by a pair of tendrils : while in the Cucurbitaccm one toiulril 
only occurs, which some regard as a stipule, others as a metamor¬ 
phosed leaf, others, again, as a branch. 

Fig. 109. 



The tendrils of the Vine (fig. 109) arevnodified flowering branches, placed 
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opposite to leaves, and often tiiberculated by the existence of abortive 
flower-buds. The nature of the axillary tendrils of Passion-flowers is 
similar. 

103. Spines (spinee) arc hard, sharp-pointed 
woody processes, formed, like tendrils, by mo¬ 
dification of entire organs or parts of such. 

Thus, in the common Berberry some of tho leaves 
are represented by compound spines, in the axils 
of which arise fiisciculate groups of leaVes. In 
the False Acacia-tree {liohinia Fsemlaeacia) 
the stipules are represented by a pair of spines 
at the base of tho petiole (fig. 110), while in 
certain s])ecies of Astrar/nlus tho pctiolc.s are 
converted into spines after the fall of their leaflets. 

Spinous processes are developed upon the ixdiole 
in tho upper part of tho compound leaves of cer¬ 
tain Palms (Fketocomin). 

True spiiK's, however, are more fre(iuently dependencies of the stem, 
closely associated with the h>aves: thus in the Gooseberry they are de¬ 
veloped from the puh'tnm, or protuberance below tho base of th'e petiole. 
In the Black-thorn (Prmiits s/nnosa) the spinesnn> real branches (fig. Ill), 
ns also are the spines of OletliUcTiw trincmithos 112), and the principal 
spines of Furze (Ule.v), in wliicli, however, the points of tho leaves are 
spinous also. 

Fig, 111. 


Fig, 111. SpinoQA branch of Prtinu* itpinaM (BliM^-thora). 

Fig. 112. Spinous branch of OJ-edit^ckia trwanthoi, 

104. TJioms (anihi), properly so'called, are sharji woody pro¬ 
cesses, straight or curved, occurring upon stems, loaf-stalks, at the 
points or on the margins, or upper surface of leaves. They are di- 
stinppushed from true spines by their originating flrom the'epidennis, 
like hairs, glands, &c., and by having no connexion with the internal 
woody su^atanco of the stem or ribs of the leaves &c. 




Fig. 110, • 



binia,vfith stipules dc* 
veloped ss spines. 
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105. Glands. —This is perhaps the most convenient place to men¬ 
tion the nodular or discoid glandular bodies that occur in connexion 
.•with certain leaves, as on the petioles of Passifhra &c. Thej* are 
’distinct in their nature from the epidermal glands above mentioned 
(§ 99), and considerable attention has been directed to them on 
morphological grounds; hence they will be adverted to again in 
speaking of the flower. 

Sect. 5. The Leaf-btjd. 

106. The bud is a compound structure, composed of a solid conical 
basis, supporting a number of rudimentary leaves. In the leaf-bud, 
or rudiment of a shoot, the conical base represents the future stem, 
with its intemodes as yet undeveloped ; the scales are either entirely 
rudimentary leaves, or a portion of them on the outside are modi¬ 
fied leaf-structures, forming scales for the protection of the inner 
leaves, and destined to fiill off when the bud expands. In the early 
conditions, iheflower-hud is essentially analogous to a leaf-bud; but 
its ultimate history is different, as will be shown hereafter. 

Many of the general characters of buds have been described already, 
under the head of the stem; but there are some other more special pecu¬ 
liarities •which require separate treatment here ; »md repetition of certain 
more important facts will not be disadvantageous. 

107. In all seeds, except in those of the few Orders which present 
an incomplete or aeotj’ledonous embryo, the young plant is possessed of 
a rudimentary bud, called the plumule, situated at the point of growth 
ofi its ascending axis (figs. 113-115). This is the terminal bud of the 


Fig. llo. 



Fig. 113. HonocotylcdonoQi cmbrjro of ^famoffeiont cut throof^h perpendiooUrif: a, rM^ole ; 
6 yC 0 ^ 1 edoa; e, piumule. 

F%. 114. Dicotjleaonous embi^o of the Bean (Faba), with tht 'otfledona b* V' aeparsted: a, 
radicle; c. plumule. 

ng. 11& OiMTsffl of«a germinating Diootjledoo, with the plomole or terminal bud between 
• ne expanded ootjledona. 


yonng plant; and stems and shoots only retain the power of elongating 
so long as they possess such a bud at their extremity. When it is 
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removed by artificial means, by frost, or, by metamorphosis, is re¬ 
placed by a fiower, the onward growth of the shoot ceases. In the 
Dicotyledons the power of growth generally becomes early distri¬ 
buted among a number of buds ; but in many Monocotyledons the 
terminal bud retains its original i)rceminenee, becomes Tcry large, 
and by its continiious evolution px'oduces an unbranch^, columnar 
stem, as in the Palms, <tc. 

Those Ferns which become arhoreaoent,likewise growhy a single lafge 
terminal hud. The Lycnpodiacem exhibit n curious series of bifurcations, 
which seem to arise from the suppression of the terminal bud every time 
ramification is repeated. 

108. A.rillanj Inids are the origin of the ramification of stems. 
They arc developed in the a.vih of leaves; and as they unfold into 
sccondaiy axes, they become the terminal buds of such shoots. Other 
axillary buds are formed at the nodes of these secondary shoots, to 
repeat the ramification by devcloinng into tertiary axes according to 
the type of the species. 

It is evident from this, that the mode of branching of a stem mnst 
bo essentially dependent on the arrangement of leaves; but a com¬ 
plication arises from the frctpient suppression or non-development of 
the axillary buds, often according to a regular plan; and, in fact, it 
is very seldom that all the axillary buds of a stem are developed 
(figs. 11(1 & 117). 


Fig. 11«. 


Fig. 117. 



Fip. US. IndcSnito runiiSi'ntion. »itb development of terminal and nxillnry Imda 
Fig. 117. ninuKcntion, with nnrpst of the termid&l and devflojiment of the axillary 

budsv produoing bifurontion. 

This abortion of axillary buds is most extensively displayed in Mono- 
cotylixions; for the frequent existence of dormant buds in the leaf-axil.s 
even of Palms, is shown not only by the occasional proiluction of isolated 
lateral shoots, but by the frequent, and ittsomc cn-xe.s constant, development 
of buds in the axils of the basilar leaves, fonuing suckers round the Ijase of 
the stem, A similar phenomenon occurs in the propagation of ke. 

Among Dicotyledonous plants, the influence of tlu* suppression <>f buds 
in regular order is very great. In the Labiatse we have opposite leaves; 
and as pairs of axillary buds are developed, the ramification is generally 
very symmetrical; in some of the Varynphyllaeta with similarly jecittsate 
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opposite leaves, one axillary bud only is developed, and the other is sup¬ 
pressed at each node, so that the hranclies, arising one by one, stand 
spirally arrangred upon the stem. In the Firs, the branches often appear 
t? arise in whorls, o wingr to the perimlical developmeni of a number of buds 
in the axils of closelv succeeding spirally arratiged leaves, with long 
intervals of total abortion. 

The Ash grows year after year from its terminal bud, which closes up 
into a winter-bud in the autumn. In the Hazel, Elm, &e., the terminal 
bud is not developed in the autumn, and the axillary bud next below con¬ 
tinues the growth. In the Ilotse-che.stmit (tig. l‘il), the terminal bud of 
the annual shoot resolves itself into au intlorescence, and the growth of 


the next year depends upon the axillary buds; the same is the case in the 
Lilac i’H/t/rtm) (tig. 116), in which, V 110 

however, in this country, the terminal bud is ’ 

generally killed by frost in the winter, and the » 

pair of a.xillnry buds next tsdow produce A 

blossom, causing still more marked bifurcation L* 

of the branches. * f O 

As a general rule, of course, the frequent Tia 

suppression or conversion into blossom of ' n 

terminal buds tends to produce a bushy ™ 

mode of growth, and rire vcmti. In addition 
to this, the relative force of development of him 

terminal and axillary buds is very important 
in determining general fonn, as we see in 

comparing the Hlack Poplar with its common tlr 

tall variety (the Lombardy Poplar), or Ooni- ^ W 

feroas trees generally with dfjciduous trees, \ 1 

Even among the individuals of the same * 1 

species we observe great difFerence.s in this F'r-S hoot of thy Lilno, ii^- 
respect, dependent on external condition.s; ofatUiarr hiuln. 
for both Dicotyledonous trees and Conifers Fii;. ns. A'shoot, with ntorminnl 
differ much in the relative proportion of main 
trunk and branches, when grown in clo.sc ’ ' p. 

• plantations, or standing in open .situations. 

Ordinarily, only one hud exists in an axil jj» 

(fi^. 119); butfrequent exceptions to this occur, , ^ 

as m some species of Maple, in Honeysuckles 
(fig. 120), and in the Walnut. However, one 
of these is generally much larger than the 

rest, and is called the printipal bud, while the h’ameron* urillMy bnd« of 
others are a^^qrj/. lynurra. 

In the fainily of Solanaceaj the axillary bud.s often occur in an irregular 
position, arising from’the stem at a little distance above empty leaf-axils. 
This is supposed to bo due to tljp cohe.sion of the stalk of the bud with 
the stem. 


Ifamcronn nxillKrf bntl* of 
/jonicera. 


109, Adventitious or accidental buds are those which appear, con¬ 
trary fo th*e usual order, at indefinite points, unconnected with the 
a»i1« of leaves. Generally speaking they are abnormal products, 
printing themselves under special conditions. They usually occur 
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ou organa in a very active state of vitality, subjected to stimulating 
external conditions, especially whore, through natural or artificial 
operations, there ig an absence or iusuflScieney of normal buds to 
carry off the developmental energy of the plant or organ. ’ 

Adventitious buds may be produced from any part of the plant.^ With 
regard to those produced on old stems, as in pollarded trees, or those which 
occur on subterraneous stolons, as in the Kose, Ash, &c., it is not always 
easy to decide without dissection whether the buds are really adventitious 
or merely latent axillai'y buds stimulated hilo development; but true ad¬ 
ventitious buds do occur. The production of adventitious buds on true 
roots has been frequently ohserved, as in I’yrus Japonk-a, Macktra auran- 
tiuva, Puidoiniia impmalis, &c.; and the Ancun.ne jupmxica is commonly 
propugjited by cuttings of the root. The formation of adventitious 
buds on leaves is a still more remurliable physiological phenomenon. It 
has been observed chiefly in succulent leaves, but is not exclusively con¬ 
fined to them. When it takes place, the first sign of development is the 
production of adventitious roots, followed by the formation of a cellular 
nodule which subsequently us8ume.s the character of a bud. Among 
natural examples, the leaves of Citniaiiiiiic pratausin have been observed 
to form adventitious roots on the lowerside when lying upon wet ground, 
and even to produci; buds; the leaves of several Ferns, such as Ifbodtcar- 
(lia radkvHS, root at the end, and produce buds which propagate the plant; 
and many similar instances might be cited. Artificial production of buds 
ou leaves* is now a familiar fact, under the influence of heat and moisture, 
not only ou the scales of bulbs, but ou the green leaves or even fragments 
of the leaves of lirytphylhini., Mvhvi'vrki, (Hoxiuia, Onneru, Iloya, 
th(! Orump' and the Aticitha Japutiica mav also lie propagated by their 
leaves. tioiuethne.s the leaves produce rootlehs alone, aud remain stationary 
there, without having forec* enough to develope. a bud. . 

The formation of adventitious buds on leaves, especially in BryophyUum, 
where a number are often produced, orriuiged ou the margin, Ls of great 
interest iu connexion with the theories of the structure of ovaries and 
the origin of their ovules. 

110. The bud which continues the growth from the plumule of a 
gemiinuting plant (fig. 115), and the axillary buds produced during 
a season of active growth, arc composed of rudimentary’ leaves ; but 
the winter- or resting buds formed on most deciduous trees and 
shrubs of temperate climates present the ijcculiarly’ modified foliar 
organs called iud-scaleK {(tymatUt), analogous to the scales of bulbs 
and other subterraneous buds of herbaceous plants (figs. 121 & 122). 
Buds without scales aro called naked. The scales, when present, arc 
mostly of leathery or membranous texture, and are often clothed 
more or less densely with hairs, whict arc sometimes glandular and> 
produce a resinous or glutinous sccretiou, which exudes when the 
buds swell. 

When winter-buds swell and open, throwing off their scales, the inter¬ 
nodes between the latter do not mongate, whue those between the DU- 
ccut leaves do; consequently the*starting-point of each annual period 
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of growth of a branch with an indefinitely developed terminal bud is 

indicated by a little baud of scare marking the place where the scales stood. 



Pig. 121. Section of the end of a nhnot of the ITorflp-chestnut, showing the terminal and two 
axi^arj bads; the terminal bud contains an inflorescence, surrounded hy staUcs 
ana rudipientarr leaves. 

Fig. 122. Bud'Scales u* and rudiiuentary learos c, d, from the nrintcr*bud of Prunuj vleiunt. 


111. The first’two scales of a bud usually stand right !iud left of 
the axil on.which the bud arises; the .succeeding sciile.s assume at 
onpe the regular character of arrangement of the leaves of the 
species. 

lu winter-buds there is commonly a gradual transition from the 
pure scale to the true leaf (fig. 122), as occurs in bulbs; and the 
scales, as in bulbs, are referable chiefly to the vaginal or jietiolar 
portion of the leaf. But the .scales originate differently in different 
cases: thus we have jtetiultir scales, as in the Walnut and Horse- 
ehestnut; stlpvlar scales, as in the Vino, Oaks, Elm, Poplars, &c.; in 
this case, however, especially in the outer scales, the .stipules and the 
petiole are confluent into one organ {Prunm, Jlosa, &c.) (fig. 122). 
Fciiaceous scales are formed by tlie blade of the leaf, of W'hich we 
have examples in the Lilac, Maples, Conifcrie. &c. 

112. The mode en which rudimentary leaves are arranged in 
leaf-buds is called the vfination, and furnishes important syste¬ 
matic characters. Two points lave to bo regarded here, viz.;— 

1 , the arrangement of the leaves in relation to each other; and, 

2, the mapner m which each separate leaf is folded. The general 

arran^ment is called imbricate or valvate, SLCCOt^^a as the margins 
of the loaves overlap one another or simply overlapping; 

but more minute distinctions are obsCrv^, depend to a great 
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extent on the phyllotaxy of the species. Thus with the or other 

spiral plan, we have usually triquetrous (fig. 124) or quincuncial (fig. 
12f)) imbricate huda proper ; with alternate ^ or distichous leaves the', 
vernation may be equitant (fig. 123), where each leaf, sharply folded' 


Fig. 124. Fig. 126. 



of Bad« nhowinff rernation. 

Fig. !?:<. Imbricat^rd. and equiUnt (of a Oraaa). 
Fig. 124. ImbrnTittKl, triquotroui (of a Cam). 
Fig. lpdm»Ucat<sdeeH(tBa(4* (of th** Apple), 
Fig. 12(S. ImbncaUtd, qaiiicundal (of a Poplar). 


{ronchipUcatc), completely embraces its successor (as in the Flag), or 
fiaif-efjvitant or ohvohite, where the leaves are similarly folded, but 
each leaf embraces only one (lateral) half of the blade of its successor. 
Valvate buds occur mostly where the leaves arc opposite ; ‘a modifi¬ 
cation of this form exists where (he margins of the leaves are rolled 
inwards (fig, 125). and is called indupJirate vernation. 

113. The individual leaves in a bud are either jJat, folded, or 
rolled. For the first, of course, no special term is requisite. Of the 
folded leaves wo have:— reelinate, or inflexed, where the leaf is 
folded horizontally, so that the point is brought down to the base 
{Liriodendron) ; condupHeate (fig. 123), where the leaf is folded per¬ 
pendicularly at the midrib 
and the lateral halves are 
placed face to face (Oak); 
andp//c(//« (fig. 127), where 
the blade exhibits several 
perpendicular folds, ns in a 
fan (Vine, Beech, Maple, 

Currant, &c.); this last is 
often combined with the 
preceding. When rolled 
up, also, this may take ploMajHllher direction: whore the apex of 
the leaf is rolled down toward the base, as in the Ferns and in 
the flower-stalk of Dntera, it is dfnnaU ; if the leaf ia rolled up from 


Fig. 127. Fig. 128. Fig. 129. 



Fig. 137. VriTiation of a pUcftte 
i^g. 128. Vernation of a ooiito1u(« iMtf. 
Fig. l^. VematioA of rvyolote loavet. 
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side to side like a plan, with only one edge free, as in the Cherry 
«fec., it is convolute (fig. 128); when both margins are rolled inward 
.toward the midrib, it is involute (fig. 125); and when both margins 
are rolled outward toward the midrib, it is revointe (fig. 129). 

All.these tenns, both the individual and the collective, are applied in the 
same way to the arrangement of the parts of tjower-buds, called aestwation. 


Sect. 6. The Ixplorescesce. 

114. In all Flowering Plants, a portion of the buds change their 
character at certain periods and in certain .situations. They cease 
to produce leafy shoots; the foliaceous organs of which (hey are 
composed are gradually develoix;d into that assemblage of organs 
which constitutes a flower (§ 21). 

So intimately are the leaf-hud and flower-bud related, that, under 
peculiar conditions, producing monstrous growths, flower-buds are .seen 
to expand into tufts of green leaves, or imperfect flowers to throw out 
leafy shoots from their centres; such ca.ses are often observed, for instance, 
in cultivated Roses; and leaf-shoots may likewise exhibit more or les.s of 
the characteristics of a flower, &c. 

115. Flower-buds are subject to the same laws of arrangement 

as leaf-buds. The buds which commence the growth of the repro¬ 
ductive structures may be at once developed into solitary flowers, or, 
as is more common, tho blossom-buds unfold into a .s 3 ’.stcm of 
branches terminating in flowers, the branches all originating in the 
ajdls of modified leaves, called bracts. The solitary flower, or the 
connected system of flowers arising from one point, is called the 
injioreseenee, which is either (fig. 130) oi axillary {^g. 131). 

The inflorescence is produced from the terminal bud, or from this and 
one or more of the upper axillary bud.s in most annual plants; and them i.s 
often a gradual transition from the true-leaf stem itito the bract-region, 
or inflorescence. The same is the case, to a great extent, with tho 
flowering stems of biennials. The inflore.scence of herbaceous ijertmnials, 
bulbs, &c. is either terminal or axillary (§§ 40-48), as is that of arbo¬ 
rescent plants. In the Horse-chestnut (fig. 121) and Lilac, for example, 
each terminal bud eniLs ip a blossom, wbue in the Apple and its allies 
the inflorescence is axillary. 

When the inflorescence is developed from the terminal bud of an un- 
hranched stem, the growth of the ^ant ends in the blossoming, as is the 
case in the Agave or American Aloe, the Talipot and other Palms, which 
require a number of years to baing them to the point of flowering, and 
then die away, like a bulb with a terminal inflorescence, the plant, 
however, being sometimes propagated at tho same time by offsets from 
the qxils fit the lower leaves. The inflorescence of other unbrauched 
Palms, such as the Cocoa-nut, is axillary, and thus may be repeated 
indefinitely. ' , 

116. A flower-bud may be either $tUiU or tUtlked; if the latterj 
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its stalk is called ^apedunde ; in branched forms of inflorescence, 
the slender stalks of the individual flowers are called pedicels. 

Fig. 130. Fig. 131. / 



Ki)!. 1^). )>iu^ram of !.hi> Cdwitlip. the flotverins «t«ni (8^>e) arisiii^ from ^ terminal bti^. 
Fig. ISl. Diaj^m of Plantago iHtdia^ the spiked flowering stomt arising from the axils 4^ 
the leaves. ^ 


117. The simplest forms of inflorescence consist of solitarj’ flowers, 
either teiininal, as in the Tulip, or axillarj-, when simple pedun¬ 
cles arise from the axils of ordinary leaves, as in Lysimachta Ntim- 
inularia, &c. 

118. The term scap e (seajnts) is applied to a stem devoid of true 
leaves, arising underground from the terminal bud or from the axil 
of a scale or loaf of a rhizome, bulb, &c.; this may bo simjde, as in 
the case of the Tulip, the Primrose, &c., or compound, as in the 
Hyacinth, Cowslip (fig. 130), the Plantain, <fcc. (fig. 131); it may be 
called compound dso when it terminates in a cajoitulum, os in the 
Dandelion, Daisy, &c. 

When solitary flowers arise in the axik of ordinary leaves, the flower- 
leaf or bract-region of the stem is scarcely renresented; but, generally 
speaking, those parts of the stem which bear flowers are separated to a 
certain extent from the true-leaf region, and form a distinct association of 
parts, representing the bract-region; such is distinctly the (^e in the 
compound scapes of the plants above referred to (fig. 131). In the flower¬ 
ing steins of annuals and biennials dt is often difficult to draw a line at 

B 
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the boundary of the true-leaf region and the inflorewence, from the leaves 
passing insensibly into bracts from below upwaitls/as in the Foxglove, 

^ 119. The loaves of the flower-leaf region of the stem ore called 

bracts. They are mostly smaller than the leaves preceding them, 
usually simple, and often scale-like, consisting of the vaginal portion 
of the leaf only. In the generality of oqpes they are green ; but not 
unfrequently they are tinged with the same colours as flowers (as in 
various Sages), or are even entirely petaloid. In other oases they 
are membranous, and then often very transient in their existence. 
The diminutive term bracteoh is applied to the small bracts which 
ofcur on the pedicels of certain plants, often in pairs. 

The term bracteoh is loosely applied by some authors to the smaller 
bracts of a compound inflorescence ; but it is much more convenient to 
use the term bract for aU leaves which subtend branches of the inflo¬ 
rescence, and to call those scales bracteoles which occur on an idtimate 
pedicel, as in many Leguminosoe. 

120. As a general rule, alF*ramifications of inflorescence arise in 
the axils of bracts ; but the bracts are sometimes regularly abortive, 
as in the Cruciferse. On the other hand, we sometimes find the 
lower part of the inflorescence crowded with bracts with empty 

121. In many Monocotylcdonous plants the bract subtending tho 
inflorescence is largo, and forms a kind of sheath, called a spathe. 
Sometimes this surrounds only one flower, as m the Dafibdil, the Flsig, 
&c., where it is of membranous texture; the membranous spathe of 
tjhe Onion and its allies encloses a dense inflorescence ; in the Ara- 
ce® (fig. 133) it is still more developed, and sometimes of petaloid • 
structure, as in' the so-called Trumpet-lily (Richardia cethiopica), 
where it encloses thd club-like inflorescence ; while in the Palms 
(fig. 134) it assumes enormous dimensions and a leaf-like or even 
fibrous texture, forming a sheath to a largo and greatly ramified 
inflorescence. 

122. In other cases, bracts are collected together, forming a whorl 
or densely packed spire, called an invo lucr e. The Umbellifene have 
frequently vcrticillate involucres at the base of the umbels, and 
sometimes secondary whorls or involucels at tho secondary umbels 
(fig. 140). In the Composit® also, where tho flowers arc crowded 
on a common rec«|)taole, the bracts form an involucre (fig^. 141-146), 
the parts of which are sometimes called pbylUiries; smaller scale- 
Kke bracts occurring amonjf the florets of these capitula are called 
pdea (figs. 145 & 146), Other examples of involucre arc furnished 
1^ the eupule» of the Oak, Beech, Filbert, &c,, also by the glumes or 
tvo'out^ scalra of the spikelcts of Grasses. 

123. fiPbe different forms of the Inflorescence or connected systems 
of floral axes are divisible into tws classes 1, the indefinite, where 
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the terminal bud of the main or primary axis docs not form a flower, 
the flowers being borne on secondary lateral branches; and, 2, the 
definite, where the^rimary axes bear termiruil flower-buds, while 
the succeeding flowers spring from secondary axillary branches pro¬ 
duced lower down, and subsequently to the terminal bud. 

E.xamples of the first are seen in the Crudferse, especially the Wall¬ 
flower, where a few flowers at first appear in a tuft, while the seed-vessels 
are afterwards wide apart on an elongated raceme, the uppermost 
being the youngest. In the Foxglove and similar plants we may pro¬ 
duce a veiy long development of the indefinite structure by picking off 
the lower flow'ers ns they wither, when, as no seed is formed, the inde¬ 
finite terminal hud retains its energy, and continues to lengthen until the 
plant is exhausted. On the other hand we observe, in the Sweet-William, 
the Elder, and the Hydrangea, the centre flower of a tuft opens first, and 
the definite inflorescence becomes wider ^d wider, but never grows out 
in th(? centre. .. , 



Fig. 1.32. Spike of Verbena offleinaiU. Fig. ISt. Compomid ipsdix Mid mthe of * Palm 
Fig. 133. Spadix and spathe of CkUla, Fig. 135. Spike, mth sptkeleU, •TXo^m. 

124. The flowers generally open in the order of their development; 
and thus, when an indefinite inflorescence is «f a flat-topped or 
crowded character, the outer flowers open first and the central 
last, as in the capitnla of the Compositse. Hence tho indefinite 
forms of inflorescence oro sometimes callod centripetal, and the 
definite eenttifuyal. 

There is an exception to the ordinary le^larity in the capitula of 
Dipsacus (Teazel), where the florets open fest halfway up* and then 
proceed both centripeta^y and cenftifligally. 

B 2 
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125. Of the Indefinite Inflorescence the following are the most 
important forms :—the tpike, the raceme, the corymb, the panicle, the 
urnbel, and the capitulum. 

Of the Definite Inflorescence the chief kinds'are, the cyme (with 
its modifications), the fasciculus, and the ccenanthiuni, 

126‘. The spi'i-e is a long simple axis or rachis bearing sessile 
flowers, either standing at intervals, as in the Vervain (fig. 132), 
or crowded, as in the common Plantain, Triglochin, and many 
Sedges. 

^veral modifications of the spike have distinct names. When the 
rachis bears large, persistent, imbricated scales, it forms a cone or 
strobile, as in the Firs and Pines. When it is udck and fleshy, with 
the flowers more or less imbedded in it, the term spadixfs applied, 
of which the Aiacese furnish examples (fig. 133); the same term 
is conveniently retained when this fleshy axis is branched, as in the 
Palms (fig. 134). The so-called spikes 
of many Grasses, such as Wheat, Barley, 

Rye-grass (fig. 135), Cat’s-tail-grass, 

&c., are also compound spikes, since in 
place of single flowers the rachis bears 
• spikelets or short axes with several 
sessile flowers. The term catki n (amen¬ 
tum) is applied to tho ixjudcnt, often 
caducous, spike-Uko inflorescence of tho 
Willow, Poplar,' Birch (tig. 136), and 
the male inflorescence of the Oak, Fil- 
blrt. Chestnut, &c.; in these tho bracts 
have sometimes one, sometimes several 
flowers in their axils. 

127. The raceme differs only from the spike in having the flowers 
distinctly stalked, as in the Hyacinthi Mignonette, the Portugal 
Laurel, &c. 

The corymb is formed when the flowers originate as in the ra¬ 
ceme, but the lower ones are raised on longer stalks than the upper 
ones, so as to bring them all nearly on a level, as in Omi- 
^logalum (fig. 137) &c.* 

As already noticed, a corymbose inflorescence sometimes ^ws out 
into a raceme while.the fruits are ripening, as is seen in many Cruciferae. 
The relation between the two forms, or, more properly, between the 
panided and the corymbose state of the same inf^rescence, is well seen 
in comparing a Cauliflower as fit for the table, with fte expanded in¬ 
florescence of the same plant when allowed to run to seed. 

128. The is formed when the lateral buds produce rami¬ 

fied axesMnate^ of single flowers (fig. 138) ; it is hence merely a 
compound or branched raceme; when the lower branches extend out 
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further horizontally,Hnd the entire inflorescence thus becomes pyra¬ 
midal, the term thyrse is occasionally used (Horse-chestnut). 

Fig. 138, 


Fig. 137. 




Corjnnb of 

129, The umbelJB formed by a number of single flowers borne on 
long stalks of nearly equal length arising from one point, as in the 

* Fig. 140, 

Fig. 139. 




Compound nmbef of tfa« Carrot. 


common Cherry, the Onion and ita allies, Butomus umbelhtus (fig. 
139), the Cowslip (fig. 130), &c. In the family of Umbelliferse, so 
called from the prevalence of this inflorescence, the umbels aj* mostly 
emepound (fig. 140); that is, the first set of radii do not bear flowers, 
but secondary sets of radiating branches, forming utnbtVults, or 
secondary umbels. 
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Umbels usual!/ bare au involucre at the base *f the radii, as noted 
above (6 122). The simpla umbels of the Onion group are originsUy 
enclosed in a membranous spatbe. 

'* 130. The capitulurn is mostly formed by the floral axis expanding 
into a thickened maw, surrounded by an involucre of overlapping 
bracts, presenting a convex, flat, or concave surface {comnxon recep¬ 
tacle), upon which are crowded a number of sessile flowers, as in the 
families of Compositse and Dipsaceie) (figs. 141-146). ‘In the Com¬ 
posite there are often little membranous bracts {jyaleas) at the out- 

Kg. 141. Fig. 142. Fig. 143. Jig. 144. 



Tifg. 145. 8«ctioii of a capitalnm of a Composite plant with palcsD at the base of the tubular 
and lignlate florets. 

Fig. 146. Section of an empt/capitulum of a Composite plant with a paicaceons rocepUch*. 


side of each flower (figs. 145, 146); in the Dipsaceae each flower is 
surrounded by a csp-like involucre (fig, 142). 

The flowers crowded together in the oapitula of Compositse are small 
and of various forms, so arranged as to give the whole the outward aspect 
of a singlfi flower; hence this inflorescence was formerly called a eompomtd 
fiower, mid its involucre a common calyx. 

131. The flowers in the capitula of the Compositae are called 
jtoreU } Mid different names are applied to this inflorescence, according 
to the modeof arrangpmentof theHorotB. In the Daisy, we observe 
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a yellow middle disk.and' & white or pinkish ray ; the disk is com- 
jwsed of florets different in character from the spreading florets, 
of the ray (fig. 146J. Some capitula are wholly discoid, such as, 
those of Groundsel (Senecio vulgaris), of Thistles, &c.; others are*" 
wholly radiant, such as those of the Dandelion, Lettuce, &c. 

It should be observed that cultivation tends to convert tubular florets 
into spreading ones, and so to obliterate the j'ellow disk or “ eye,” as we 
observe in the Dahlia, garden Dai 83 ^, &c. 

132. Capitula of less marked character are found in other fa¬ 
milies, where, however, the involucre is wanting; for example, the 
flowers of Clover {Trifolium) have a capitular arrangement, as also 
those of many Proteaceous plants {Banksia)'. 

133. The term cyme (fig. 147) is very general in its application; 


Fig. 147. 



Fig. 148. 



for it is used in reference to a number of forms more or less re¬ 
sembling outwardly the raceme, corymb, and others of the indefinite 
type, but all agreeing in producing a terminal flower on each shoot, 
and continuing the subsequent evolution by hxillary development. 

The loose cymose inflorescence of many Caiyophyllacea} illustrates 
the dttfinUe mode of wowth very clearly: the priiyary axis terminates 
in a flower, then branches arise in tlie axils of a pair of bracts lower down; 
these branches repeat the proe^lss, and their branches again, until the 
flowering shoot is exhausted 

134. When the cyme is loose and irregular, no special term is added 
to this distinctive name. But if the axillary branching goes 'on to 
many degrees, and the peduncles acquire such lengths that the outline 
of the whole inflorescence becomes rounded, we have a globose cyme 
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(fig. 149), as in the Snowball (Viburnum Opulus). If the outer 
l^ranches spread and grow up so as to produce a flattish or convex 
collection of flowers, as in the Elder and the garden Hydrangea, it 
fe called ajlat or corymbose cyme (fig. 151). 


Fig. 140. 



Fig. 151. 


irmifi ittiJU II Fin P 



Figs. 149-lM. Diagrams Ulostrating the centrifugal development of oTmose infloroscenocs. 

Fig. 149 a globose* fig. 150 a scoriitoid. and fig. 151 a corymbose ejme. 

In some cases the axillary buds arc only developed on one side of 
the primary axis, and so on with the secondary axes: in this way an 
inflorescence resembling a raceme is produced; but the axillary evolu¬ 
tion of each new bud gives the structure a circinate or scroll-like 
form during the development, which at once distinguishes this sco/-- 
cyme. It is very characteristic of the family of the Boragi- 
naceae (figs. 148 & 150). 

135. The is a cymose collection of nearly sessile flowers, 

forming a dense flat-topped bunch, such as we see in the Sweet- 
William and other spmes oi^Dianthy^. Where a cymose tuft of 
only a few flowers, crowded together in this way, occurs in the axil 
of an ordinary leaf, the inflorescence is sometimi is called a ghmeruhis, 
as in many of the Labiatte. 

ISfll In the Fig the peduncle or common receptacle is fleshy and ex¬ 
cavate^ (fig. 152), the flowers beinginside and developed centrifugally; 
in Dotitema (fig. 153) the receptadle is flat or slightly concavo on 

\ 
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tho top, while in ArUtcarpus and other cases the flowers are on the 
outside of a convex peduncle. These forms of inflorescence are only 
slight modifications* of the capitulum. The term coenanthium has', 
been used to designate them, but is now rarely used. 



Fi|>. IS2. CiPnimthium of the PiR: the flowers inside the eieav.ited fleshy receptacle. 
Fijf. Ctpnanthinnj >)f Dor/ttpuui: th«* imbedded in the fleshy receptacle. 

1. I Compound mflorost'oncc of Viffitaria. 


187. Some jilantM, especially herbaceous perennials, have what 
is C’lled (i fnmponfd hjlorciicence, wherein the flowering region of tho 
stem appears to b( composed of a number of distinct inflorescences 
arranged on a regular plan. Tho plan of the ramification of the 
miun axis maj' b< ihc same as that of tho individual inflorescences, 
as in tlic Umbdlii'erae, wliero both the primarj' and the secondaiy 
rmbols unfold centripetally; sometimes the separate inflorescences 
re Jtrranged in a different form belonging to the same class, as in 

0 ease of the umbellate collection of spikes in certain Grasses 
fig. 154) &c. 

In other cases there is a mixed condition, since in many Com- 
ositffi the individual capitula are centripetally developed, while 
ley succeed one another on tho main stem in a centrifugal or 
jinoso order; in the Labiatffi tho cymoso axillary glomemles (which, 
occurring opposite to each other, form verticiUaslers or false whorls) 
re developed from below upwards, the main stem being indefinite, 
ud they are often crowded together above so as to form a kind of 
compound spiko. • 

• '»o general facts of tho moiphologv sf the different forms of inflo- 
r<.'> lUce of each type are easily seen to he conformable to the laws ruling 
tbe 'V'.velopment and ramification of the vegetative stem. Buds are either 
ternrial or axillary to bracts: sometimes, indeed, the bractsare aimpressed; 
but i-'v-ftn in families where this is almost universidly the rule, they taake 
their appearance occasionally in abnormal examples. The occurrence of 
a number of buds or flowers crowdecLon one point arises merely from the 
non-development of the intemodes, as in fasciculate leaves, &c,; and the 
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remembrance of this at once explains the close relation of all the indefi¬ 
nite forms of the inflorescence. Thus, suppose wo take a cajntulum, and 
."imagine each of the florets raised on a long peduncle, it wo\ild become an 
"umbel ; if the peduncles branched in like manner to the primary stalk, we 
shouW have a compound umbel. If, instead of branching, the receptacle of 
the cfipitulum grew up into a long straight axis, it would become a spike 
with lateral flowers; if these acquired stalks, a raceme would result, from 
which the corymb only differs in the greater development of the stdks of 
the lower flowers, while a TOmification of the pedimcles would give rise to 
a panicle. 

138. In certain cases we have the normal condition of the inflo¬ 
rescence greatly disguised, ns \n foUaceous peduMles, and in cases of 
what is called fasciation, as also where tho flower-stalks are appa¬ 
rently removed from their usual place by adhesion of various kinds 
and degrees. 

In many kinds of Cactus, as 
already noticed (§ 57), the stem 
assumes more or less the outward 
aspect of a leaf; and when a 
flower arises on such a stem, it 
looks like an abnormal growth ; 
but it is really produced from 
the terminal or axillary bud of 
an abortive branch. In the 
Butcheris-broom (Euscus, fig. 

155) the single peduncles are 
flat leaf-like plates, and bear the 
flowers in the axils of little 
scales which arise on the upper 
surface, seemingly from the mid¬ 
rib of a leaf; but these foliaceous 
jpedumcles grow {com the axils of 
scale-like leaves. In XylophyUa (fig. 156) we find a compound 
foliaceous peduncle, consisting of a large leaf-likc branch bearing nu¬ 
merous flowers on its margins, arising there in the axils of bracts. 

Fa taatioin is usually thi abnormal condition, consisting of the fusion of 
a nifiriber OT peduncles into a solid mass, bearing the flowers on the borders. 
It produces the crest-like condition of the flower-stalk of the garden 
CoAscomb; and if occurs not unfrequently in the Scrophidaiiacefo &c., 
so as to convert a paniculate ipflorescenee into a ribanu-like axis with 
inemilarly scattered, short-stalked solitary flowers. 

A^tesum of the peduncle to the letrf or bract produces an appearance as 
if the flower sprmig from the latter, as in the case of the Lime-tree. A 
sunUar union or, rather, lack of separation between the flower-stalk and the 
branch produces the e ^raoJcjHary in floresficace, of some species of &lanum. 
Other cases of extraaxillaiy inflm^ence, wherein the inflorescence is 
l^aoed opposite to a leaf, as in the case of the Vine, Solanum Dulcamara, 


Fig. 160. 


Fig. 155. 




Fig. l.W. Foliacfona pednaclea otSueeut 
aeuleatus. 

Fig. 156. Foliacf'ouB Oowering braach of 
Xjfiopkflia. 
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See., Are explained by the circumstance that the inflorescence is in realii^ 
terminal (as may readily be seen in the young stete), but as growth 
goes on it bends downwards into nearly a horizontal position, while thu 
axillary bud next beneath it developes into a shoot which assumes »' 
vertical direction, thus occupying the position of the inflorescence. Such 
branches are call^ by French botanists usurping branches. • • • 

139. The inflorescence, like the leaf, varies in its duration. The 
staminal catkins of the Amentiferte, such as the Oak, Hazel, Poplar, 
&c., fall off as soon as the pollen is discharged from the stamens, 
and they are called caducQW, In many cases the inflorescence, or 
the individual peduncles, separate by a disarticulation when the 
fruit is ripe, as in the Apple, Cherry, Ac.; the term de<^iduovs is 
then applied. In the Eose we observe the dried-up firuit long 
remaining, like the cones of Firs &c., after the seeds have become 
matured; these are persistent. Sometimes the peduncles undergo 
expansion during the ripening of the seeds, so as to form part of the 
fruit; such an inflorescence or peduncle is called excrescent. The 
Fig, the Pine-apple, and other fruits are formed of excrescent inflo¬ 
rescences-, the Cashew-nut (Anacardium) has an excrescent peduncle. 

Sect. 7. The Ft/jwee. 

140. The Flower, the characteristic reproductive apparatus of 
the higher plants, consists of no new elements superaMed to the 
fundamental organs of the vegetative regions, but is merely an 
assemblage of these organa modified in certain essential particulars 
so as to fit them for exercising new functions. 

A flower is a modified branch, in which the intemodes of the stdtoi 
are seldom developed, wliile the leaves, arranged according to the ^ 
general phyllotactic laws, are more or less different in form and 
texture, have part of their tissues developed into more highly special¬ 
ized products, and, in part, give origin to buds distinguished both in 
anatomical and physiological characters from those associated with 
vegetative leaves. 

The study of the modifications or, as they are often called, the meta¬ 
morphoses of the organs of the flower forms one of the most attractive, 
and at the same time most important departments of Morphology, and has 
now advanced far enough to set all general questions at rest; but in an 
elementarj- work it is desirable to furnish some of the more striking 
proofs of the doctrine which is enunciated in the preceding para^ph. 

The theory of the constiuction of th^ flower rests upon proofs derived 
from three sources: the most numerous facts are furnished by teratology, 
or the study of abnormal growths; but the strongest confirmation of the 
views arising out of the observation of such cases is obtained by eompa- 
rativc amtomy or analogy, and by the investigation of progressive de¬ 
velopment. 

We may, in the first place, remark upon what la taught by the study 
of development. Flowers are coAmon in which the organs stand in 
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regular circles, and in which the organs of each circle agree in colour, 
size, and so on; but in many cases we find deviation from this regularity: 
lAie arrangement of the organs becomes changed, asd the parts of parti- 
(fular circles become more or less different among themselves—as, for ex¬ 
ample, in the flowers of the Pea-tribe, of Labiatse, &c. But when we 
examine the buds of any of these flowers in a very young state, we find 
the rudimentaiy organs, with very few exceptions, regularly arranged, 
and while in the state of cellular papillm, agreeing exactly in all external 
characters. The subsequent irregularity is a result of special growth at a 
later epoch. In didynamous stamens, for example, the longer pair do not 
exceed the others until a late period of their development. 

The original uniformity and homogeneity of the organs of fiowera 
are not always so completely lost in the maturation of the structmes, that 
the different secondary tjqies of organs, sepsis, petals, &c. become entirely 
distinct. The study of comparative anatomy reveals very many cases of 
transition from one Kind of organ to another,' illustrating, in a very inter¬ 
esting manner, the doctrines of morphology. 

In CalyeanthusJloridus the numerous pieces of the floral envelopes pre¬ 
sent a spiral arrangement, and' it is impo-ssible to find a distinct line of 
demarcation between the coloured bracts, the calyx, and the corolla. In 
species of Corntu and Euphorbia, the coloured bracts of the involucre 
assume quite the aspect of a coloured calyx or corolla. In the White 
Water-lily (Nymphaa), a transition between sepals and petals is seen in 
the segments of the calyx, which are green putside and petaloid inter¬ 
nally, while we have perfectly petaloid sepals in many flowers, as in Aco¬ 
nites, Larkspurs, &c., and particularly in the showy'bulbous Monocoty¬ 
ledons commonly cultivatea, e. y. the Lily (Lilium), Tulip, (Irociis, &c. 

In the Water-lilv, again, we observe a gradual transition between petals 
and stamens, the latter appearing first a-s petaloid plates, with nntlier- 
strtieture on the edges. In Camia it is the ordinary rule for the stamen 
to be a kind of petm bearing an anther-lobe on one upper edge. A more 
or less expandea petaloid state of the filament is not unusual, and in the 
Mistletoe the stamens ore flat, leafy organs, with the pollen developed in 
the parenchyma of the inner face. 

Tne stamens and pistils being so diametrically opposed in their physio¬ 
logical characters, we naturally do not expect to find any transition 
between these organs in normal flowers, though in monstroua develop¬ 
ments such transinons are frequent. The ovules have been seen .bearing 
pollen, and the anthers ovules. 

The study of Teratology, the interpretation of monstrous growths by 
reference to laws of development more or less interfered with by extern^ 
agency, is veiy instructive in regard to Morphology, In the abnormal 
products of nature of, still more,’ of art we find illustrations of almost 
every possible kind of the genertd proposition above mentioned. 

In tne first place, cases have Ifeen not unfrequently observed where the 
entire flower has bwn replaced by a fascicle of green loaves, espedally in 
the Alpine Strawber^, In wet seasons it is not uncommon to find 
flowed of the White Clover with more or less of the organs modified in 
this way, the pistil, one or more of the stamens, &c. appearing in the 
form of green leaves, occasionally compound and temate, as on the stem 
below, ha the Double Cherry of gardens, the place of the pistil is often 
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occupied by a pair of (rreen leaves; in the Fraxinella a circle of green 
leaves has boon obaen'ed in the place of the ovary. 

Metamorphoses within the limits of proper floral organs are still mor^, 
common. Thus, almost all polypetalous flowers, and many nionopetalous, 
are capable of being “ doubled’’by cultivation, that is to say, thepumber 
of petals may be increased at the expense of the stamens, or of th^e and 
the pistils. For example, the Wild Eose has but five petals, and many 
stamens and pistils, but in our garden Hoses the numerous stameM and 
pistils are often altogether replaced by petals. In many cases inter¬ 
mediately formed structures exist in such double flowers: in the double 
early Tulip, for example, we almost always find monstrous organs, half¬ 
petal and half-stamen, and even half-stamen and half-carpel; the same 
may be obsen’ed in double Pinks and Carnations. Elustrations obtained 
in this way might be multiplied ad injinitum. It should be observed, how¬ 
ever, that in double flowers we frequently find not only all the essential 
organs replaced by petals, but an actual multiplication of the natural 
number of organs, ns in Roses, Camellias, double Daflbdils, &c. 

In the last place, we niav advert to the phenomena of the abnormal evo¬ 
lution of buds within the limits of flowers. Cultivated Roses sometimes 
send out a leafy shoot from the centre (prolification), the terminal bud 
not becoming arrested ns is natural; on Apples and Pears we occasionally 
see one or two leaves growing out from the summit, from the same cause. 
In addition to this, the organs of the flower may assert their foliar nature, 
bv producing flower-buds in their axUs, like stem-leaves. This has been 
oDserved in the case of the petals of Cclanfrm scamUm, and also of 
CUirkia vleyam, and occurs sometimes iu garden 
Roses*. 

These geiu'ral observ'afions will seiwe to show 
the essential homology' of all the lateral organs 
of flowering plants with ordinary leaves, and 
more especially with the vapnal or leaf-scale 
portion of the leaves. The laws under which 
tlio varietif's of form &c. are produced within 
the limits of the flower all coopenite to substan¬ 
tiate the same general principles. 

141. The organs of flowers have been 
enumerated in a former Section (§§21-25):— 

1, the sepals, forming the ; 2, Wwpetals, 
forming the corolla; 3, the stamens, forming 
the andreedum ; and, 4, the carpels, forming 
the pistils or gynoecinm. That portion of the 
peduncle upon which all these organs are 
attached is called the receptacle or thaiamns ; . 
it seldom haa the mtemodes much developed, 
but is more or less expanded horizontally. i>»ratedi)yinu'modes. 
When it forms a flattened surface above, its centre'corresponds, of 

* A general review of these abnormal or unusual formations, and of the 
inferences that may be derived flrom them, is given in Dr. Masters’s ‘ Vegetable 
Teratology,’ published by the Ray Society. 


Fig. 167. 
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course, to the apex; and we may thus say that the above-named orfjans 
succeed each other from without inwards, or from below upwards. 

’• The accompanjang diagram of the floral wliorls (fi^. 167) illustrates the 
theoretical construction of a perfect and symmetrical flower. Here the 
interuedes are imagined to be developed between the separate circles of 
the flower—an arrangement which does occasionally occur in nature. 

142. All axillary flowers arise in the angle between a bract or 
leaf and the stem; from thi^ is taken the rule as to relative jwsition 
of organs, in describing flowers. The side of the flower next the 
stem is the upner or p osterior port, that next the bract the anterior 
or lower: and in the ground-plans often used to represent the con¬ 
struction of flowers, it is important to mark the places of the axis and 
the bract, the former being represented behind, the latter in front. 

In the rare cases where flowers are tndy termimd, there is no proper 
back and front; but in plans of these, the position of the last leaf or bract 
should be shown. AV'nen bracts are suppres-^ed, as in the (.’rucifene, we 
of coiurse find the back of tlie flower by the position of the organs in 
reference to the parent stem. 

143. Since the organs of flowers arc modified leaves, wc naturally 
seek for laws of arrangement corresponding to the phyllotaxy of 
stcm-leavos; and we find that the so-called whorls of orgiins, especi¬ 
ally of the calyx and corolla, are often really spiral cycles of organs 
developed successively on the ^ or i plan, but reduced into ap¬ 
parent whorls by the absence of internodes. 

This is distinctly the case in such n calyx as that of the Hose, wliero 
thS sepals are imbricated and stand quite on the | plan (figs. 158-lCO). 


Fig. 168. 



Hg. 1S8. Calyx of tbe Roae; the nombere indieate the eeqaence ot the eepolt from witboat 
inwards or from below mnurArde. 

Fifl. l^e SectioDoxibeMtiTatlottofthecalyf of theBoee; the ntunben as In the preeedlog 
ignre. 
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In the ternary floral envelopes of many Monocotyledons we find illustra¬ 
tions of the ^ type. Sometimes the spiral arrangement is still more evident, 
especially where thew exist great numbers of a particular kind of organ, a|. 
in the mixed petals and stamens of Nymphma, and the multiple pistils or 
Ranunculuh. Magnolia, &c. In Calycanthus all the organs lolloyr on in 
a contimions spiral. * 

In other cases the floral organs are developed simultaneously, when a 
true whorl is produced. 

144. According to the number of organs in a cycle or apparent 
whorl, these are distinguished as dimerous or binary, trimeroua or 
ternary (fig. ICl), tetranierous or quaiertutry, and petitameroui or 
Fig. 100. 


Fifr> DUfcmm of the ^ RpirAl armng'omont of loarpR. for (>onipaH 80 ti with fSg. 1159. 
Fig. KU. Dingnun or ground-plan of the 3-n>crou8 flower of the Tulip. 


Fig. 161. 



Fig. 162. 


quinary (fig. 1(12). The ternary arrangement is by far the most 
common in the Monocotyledons, the quinary in the Tlieotylcdons., 

Most frequently the caly-x and corolla have 
an e(ptal number of paiis; the number of 
organs is prone to increase in the staminal 
circles, and still more frequentlj' to diminish 
in the caipellary whorl. 

145. In the majority of cases we find 
the organs of each successive whorl deve¬ 
loped alternately with, and not 02 )posito 
to, those of the preceding circle. 

From this the whorls would appear to re¬ 
semble the decussating whorls (§(>(?) of true 
leaves, rather than regularly succeeding spiral 
cycles. We have seen that these decussating 
whorls are closely related to the spiral cjrles; 
but the relations are not clearlv mode out. 



or OTonnd-pl»n of the 
6-morOQs of CrMMla. 


Moreover we find in the 


very numerous cases of flowers with the organs imbricated in the bud, 
that the spiral arrangement is very evident, and the'whorled appear¬ 
ance presents itself only after the expansion of tlie flower. Now, if the 
i or f cycles succeeded regularly, the organs of successive cycles should 
be opposite and not alternate. A. dP Jussieu has supposed that the organs 
are arranged on the spiral type in aU trimerous and pentamerous 
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flowers with imbricated {estivation. Inspection of the diagj’ams ifl a former 
page (43) will show with how little displacement the organs of such flowers 
^ay be arranged on this type; and there is much /probability that the 
^temation of spindly arranged cycles results from some such cause, 
while the alternation of organs in flowers with valvate aestivation is re¬ 
ferable' to the same laws as the decussation of whorls of leaves. The ex¬ 
ceptional cases of opposition of organs will be explained presently. 

146. The typical flower in our diagram consists of four circles of 
organs equal in number of parts, and with the parts regularly alter¬ 
nating. A flower thus presenting all the whorls is called complete; 
the organs in each circle being similar, it is regular ; and the number 
of organs in each circle being the same, it is moreover symmetrical. 

147. Almost every kind of deviation and combination of deviations 
from this type are met with ; but the modifications are referable to 
distinct causes, which admit of classification under a few general heads. 
1. Alteration of the number of circles, or of the number of organs 
in the circles; this may arise either from multiplication, or from sup¬ 
pression or abortion of parts. 2. Union of the organs together; this 
may be merely coalescence of the margins of organs of the same 
whorls (cohmon), or confluence of normally distinct whorls (adlusion), 
3. Unequal development or degree of adhesion in the organs of parti¬ 
cular whorls, producing irregularity. 4. Irregular development either 
of the receptacle, or production of out-growths from various organs by 
enation. 5. Substitution of one organ by another (metamorgihosis). 

Dr. A. Gray has furnished an interesting illustration of these laws of 
modification, from a family (Crassulacem) in which different kinds of 
deviation occur together with examples of very symmetrical flowers. In 
Crassula (fig. 162) is found a simple symmetrical pentamcrous flower, with 
five sepals, five petals,five stamens, and five pistils, all regularly alternating, 
and only slightly confluent at the base. In TilUea some species have four, 
some omy three organs in each whorl, but the flowers are still regular and 
symmetrical. In /Warn (Stone-crops, &c.) the flowers of some .species 
are pentamerous, those of others tetramerous, but here the number of sta¬ 
mens is doubled by the introduction of an entirely new circle of these organs 
(multiplication). Hochea has the margins of its petals slightly coherent, 
while in Orammanthes the petals and sepals are respectively coherent 
more than halfway up. Votyledon has eokeremt envelopes, and a double 
series (multiplication) of stamens as in Sedum, to which is added an ad¬ 
herence of the stamens to the tube of the corolla. In 1‘enthorum the five 
styles are coherent fi^Ly together below, while in some cases its petals 
are suppressed. In Sempervivum ^louseleek) the number of sepals, petals, 
and pistils varies in different species from six t(i twenty, and tne stamens 
$rom twelve to forty. 

148. Midtiplieation of the number of circles is'very common, espe¬ 
cially as r^;ar^ the stamens. In the^rimerous flowers of LUiacese and 
Amaryllidaceas there are six stameqp standing in two circles of three. 
In the Poppy family the tetramerous circles are still more multiplied; 



TEX TLOWSR. 


89 


and in th« Eose, Buttercup, &c. we have further examples. When 
the number exceeds three or four circles of one kind of organ, the 
organs are said tcx be indefinite in number, and the verticillate’ 
arrangement becomes very indistinct in the opened flower. In the 
White Water-lily we have multiplication both of petaline^ and 
staminal circles ; and in Magnolia, Ranunculus, &c, the pistils are 
much multiplied, exhibiting in these a distinctly spiral arrange¬ 
ment. 

• 

Multiplication of circles occurs abnormally in the double flowers of 
gardens, in which we often find far more organs than exist in the normal 
state, as in Daffodils and other flowers where the organs are naturally few 
in number, 

149, Multiplication of the organs in particular whprls occurs in a 
number of flowers, and is explained differently by different authors. 
Sometimes the multiplication is collateral, a pair of stamens, for 
example, standing in place of one; in other cases the organ is divided 
transversely into an inner and outer part or into a fasciculus of 
organs. The real cases of collateral multiplication may probably be 
explained by the circumstance that the staminal loaf, in these cases, 
as in an ordinary lobed or compound stem-leaf, becomes subdivided 
and thus forms a lobed or compound stamen. The multiplication 
where organs stand one within the other, or in tufts, may perhaps 
bo referred to developments in the axil of the floral leaves or to 
enation, when they are not better interpreted by supposing suppres¬ 
sion of whorls, with collateral chorisis of those retained. 

The doctrine of chorisis or dMoublevmtt, in which organs are supposed 
to split into layers, seems to rest on very insecure foundations. Some 
regard the pairs of long stamens in the tetranierous flowers of Crucifers 
(often repn'sented by forked filauients with double 
anthers in some species of iKrigytanthus) as formed of 
a bilobed leaf; but the symmetry is generally better 
explained by supposing the glands to represent sup- 
piessed stamens of three w'horls (fig. 163); for a 
Crucifer (Megacarpaa polyandra, Benth.) has poly- 
androus stamens. The singular stamens of Ftimaria 
and allied species are supposed by some to be ex¬ 
amples of e}\orisis ; by others, and probably more 
truly, results of irregular confluence. Perhaps the 
best evidence is furnished by the numerous dimidiate ptjfiTMn of a Cniciferotu 
anthers of the Malyacem, the tufts of Ihpericace® 
and Myrtaoeas; but these are rather due* to a pro- the long ^r»; in the 
gressiye outgrowth or exu^erent development, n^V^Lid 
whereby an originally simple orean becomes com- m°n« (So&j'mw re¬ 
pound, than to any splitting of a perfect organ. piAod by Kiandy. 

The transverse chonsis has been im^ned to bear relation to the produc¬ 
tion of scale-like or petaloid appentKges on the face of petals, &c., as in 
Siltne &c.; but suen structures ca* hardly have any concern in the 
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multiplication of oignn.o, since we find that in double Dafio^ls, con¬ 
taining fifty or sixty petals, every one of these possesses its process, re- 
nresenting a segment of the nectary found in the throat of this flower, 
■ffhe transformation of such a scale is supposed to gfve birth to the ojt/jo- 
sif« stamens of Rliamnacea?, the opposite grouns of stamens in Tiliacea?, 
&c. Sut opposite solitary stamens, such as tnose of llhamnaceie and 
Primulaceai, probably arise from the suppression of on outer stamina! 
circle. Moreover such, scales are usually mere outgrowths protluced by 
enatim from th4 jietals at a comparativelj’ late stage of their development. 

150. In describing the phenomena of diminution of the number 
of circles or organs of flowers, it is convenient to distinguish between 
svppnssion or total ab-seuce, and abortion or partial absence, when 
the organs are representeni by imperfect or rudimentary structures. 

A complete flower possesses a calyx and a coi-oUa ; the corolla, and 
even the calyx Slso, are wanting in some flowers, which are tenned 
incomplete ; when the corolla alone is wanting, the flower is ctpetalons ; 
the term naked is occasionally applied to flowers without any floral 
envelopes. 

The terms diehlamudeom . having caljTc and corolla, ntoijiniMatnjfdcoiu, 
having calyx alone, and ae^la mjjdeou^. destitute of floral envelopes, are 
used by some systematic botanists in place of the above. These conditions 
are not very secure bases for systemam divisions, since it is not uncommon 
to find apetalous plants in D’niers having ordinarily complete flowers, rs 
in the Caiyophyllacese (Sar/ina &c.); the apetalous condition, however, 
is constant in a large number of orders •, and familiar examples occur 
in the Nettle family, the Chenojnodiaceffi, the Amaranths, &c. Achlamy- 
deous flowers occur in the Willows, Callitriche, &c. as a rule, while thev 
also occur, in exceptional cases, even sometimes on the same plant with 
complete flowers, as in Viola and Impaticns. 

151. When essential organs (stamens and pistils) of both kinds 
are present, the flower is called ^rujophroditc (this condition is 
indicated by the sign ij? ). In many plants one of the circlc.s of es¬ 
sential organs is suppressed, so that a given flower has only stamens 
or only pistils; such flowers are tenned unt^l^ngfl or diclinmis. 
The diclinous flowers are called respectively staminiferous or male 
( cf ), andpUtilliferovs or female ( $ ). When flowers of both kinds 
occur on the same plant, this is called monoecious (Oak, Birch, Yego- 
tablew Marrow, &c.); when they are on distinct individuals, the plant 
is termed dioecious (Hop, Willow, Bryony, Ac.); when, as in some 
oases, the imperfeotion results from a kind of regular abortion rather 
Hum total suppression, and th^ same plant or sfxieies exhibits at once 
Staminate, pistillate, and hermaphrodite flowers, it is termed pol^- 
gamtms (Parietaria, many Palms, and'Maples, Ac.). Some plants 
laeaT neuter flowers, destitute of both stamens and pistils; such is 
Hie owe naturally with the outer ^rcts of many Compttsitm, and it 
is oonstantlj seen in Hie garden imowbaU (Viburnum Oprdus) and 
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The dioUnout condition is often typical in certain families, such as 
Amentiferee, &c.; but cases occur not’unfreq[ucntly in exceptional genera 
of ordinary hermaphivdite families, as JRutctu among the Liliaceae ; or in. 
exceptional species (by abortion), as in Lychnis dioica ; sometimes it oc-» 
curs by abortion in species normally possessed of perfect flowers, as in 
Asparayus, ■ . 

152. The suppression of an entire circle necessarily renders a 
flower apparently unsymmetrical; for when the corolla is absent, we 
find the stamens commonly opposite the segments of .the preceding 
circle, as in Chenopodium ; but this is really in accordance with the 
normal type, as the .stamens should be opposite the sepals, the inter¬ 
mediate pettils (hero suppressed) alternating with both. Not unfre- 
quently we find abortive organs, such as sterile filaments or “ glands,” 
of various kinds forming circles which restore the symmetry of ap¬ 
parently unsymmetrical flowers. 

The cases of unsvmmeU’icDl conditions arising from the opposition of the 
orgmi.s of suceecilnig whorls are explained by some authors entirely by 
the doctrine of suppression or abortion ; others refer some of these cases 
to chorisis (§ 149). In (ier<mitm we lind alternating with the petals five 
little glands which must be regarded as abortive stamens, since in the 
succeeding whorl the live stamens nl^ruate with these and stand opposite 
the pedals; the five innermost and longer stamens, again, are opposite the 
glands. In Erodunn the outermost mw is ivpresenteu by glands, the 
si'cond row by sterile filaments, and only live perfect stamens exist. 
Much the .same conditions occur in the Liiiacess. On the ground of such 
facts as these, the (mpositiuii of the stamens to the petals in Khamnaeeee, 
Uyttncriaceie, the Vine, &c. has generally been explained by .supposing 
a ’eitvle of stamens to have bium suppressed between the petals and tl^ 
existing stamens. Several recent writers attribute the stamens of Kham- 
naccKi to choripis of tbe petals with suppression of the true stamens, 
extending the same explanation to Byttueriacein the Vine, where 
the true stamens are represented by sterile rudimente or glands tr^Aiw the 
existing stamens. In Priinulaceat, the opposition of the stamens to the 
4)etals 18 obviously a^ result of suppression; for in Samolus we find five 
lobes on the throat of the corolla altematii^ with the petals, while 
Lysimachia ciliata has five sterile filaments iii addition to five perfect 
stamens. Some of those cases of altered symmetry are due to enation. 

153. Suppression or abortion of part of thq organa of one or more 
circloa is a very common cause of want of symmetry. This occurs 
by far most frequently in the carpellary circles, as might bo expected 
from the organs being crowded on the point of the*receptacle (multi- 
plication-of carpels occurring, on the other hand, where the receptacle 
is unusnally developed); the stamens exhibit it not unfrequently; 
and it is observed also in the petahno whorl, and even in the calyx. 

Symmetric flowers may be either dimerous, triniero’us, tetramarous, 
or pentameious throughout; and j|phen the organs ate equal in all the 
dreles, the flowers are uomtrous t ve have isomerous dimerous flowers 
ill Circaa (fig. Ifl4) and Sjfr^go (8^.105), isomerous pentamerous flowers 
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in Cramda (fig. 1C2), before referred to; but, generally speaking, one or 
other of the whorls exhibits partial suppression. 

, It is rare to find the sepals parttalit/ suppressed: pephaps we may consider 
<this to be the case os regards the limb of the sepals in such instances as the 
pajppus of Bident. The corolla exhibits partial suppression in some Legu- 
minosiB, where, although the plan of the flowers of the order is penta- 


Fig. 1«- Fig. 166. Fig. 166. 
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Fig. Iftt. Oronnd-plan of the S-merous fiowrr of Cirata : « represents the bract. 

Fig.165. Oroand'plaa of the Lilac, with 2>mt‘rou8 circlet: j-, the bract; a, a, braoteoles. 

F%. 166. Ground'plan of a labiate flower, with didynamoat ttament; the potterior one 
(dotted) sappresaed. 

merous, in Amorpha only one petal exists; a transition towards this 
occurs in other genera of the oraer, where, indeed, the four petals here 
suppressed are generally considerably smaller. In -the Larkspurs one 
petal is constantly suppressed, while tne others are of irre^lar form; and 
m Aconite three out of the five petals are inconstant in their occurrence, 
being, even when present, mere petaloid scales. 

The stamens are mostly inomeroug, with either one, two, or more whorls, 
when the floral envelopes are regular, although there are well-knoisTi 
exceptions to this. The snpression or partial abortion of some of the 
stamens is most common where the flowers are irregular. This sup* 
pression is well seen in the irregular monopetalous Orders, where we find 
curiously graduated illustrations of the phenomenon. Thus, in the Scro- 
phulariacese, belonging to the pentsmerous type, there are usually hut four 
stamens, hut Ferftascirtn has the fifth (notalways fertile): Pi-ntdemim has 
four perfect stamens and a sterile filament; and in Srro})hular{a the fifth is 
represented by a scale in the upperside of the corolla. In Veronieu tlufe 
are suppressed, and only two remain. In the Lahiatso (tig. 106), again, 
one stamen is ordinarily suppre-ssed; not unfrequently two of the«! npp«>nr 
as sterile filaments; and in Salvia, Monarda, and other genera only two 
stamens exist. 

Either mtdtiplicaitm oc suppression is almost the nile in the carpellary 
circle, the Lsomerous condition being rather the excrotion. Six carpels, 
or a double circle, occur in the .“l-merous flowers of Trighehin (fig. 107) ; 
and we have mentinoed the occurrence of five carpels in the pentamcrous 
flowers of Crassula and Sedum (§ 147); in the nearly allied Sa.xifragacere 
the carpels are usually reduced to two. In Araliacese, Aralia has five 

S is, different species of Panax three and two, while in the allied 
tlmbellifene the number 2 is universal in the carpellary circle, 
althongh all the other circles remain pentamerous. In Kosapte we ^ve 
almost every conceivable condition; lor while multiplication takes place 
to a naA extent in Rosa, Fragaria, and allied genera, the normal five 
caip^ occur in Spiraa and the PoAaceous submer; in Agrimima the 
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number ie reduced to two; Sangumrha has two or one; while in the Dm- 
paceoue suborder, in Prunut &c., only one carpel re^larly exists, a condi> 
tiou which, is the rule throughout the related extenaiTe pentameroua order, 
Leg^iinoaae. In ll&unculaceffi the numW of carpels Taries much. In* 
Beiberideio the outer circles are 2-merous and the carpel is solitary 
(^fig. 1^). Suppression of a portion of the carpels is almost constantly 
lound in the monopetalous Orders, where we seldom have more than two. 

Fig. 107. Fig, 168. 




Fig. 167. S-morou# flower of 7V^/oc4i« fflrTft/imvm, with mi c&rpeU; iropreientt the bnct. 
Fig. 16^. Orouod-plnn of Kpimediuvkt with 2'ineroui oirelei und a soUtarf carpel; a, a arc the 
bracteoK'ii of the i>e<licf*l. 

Suppression of organs becomes e.xceedingly striking wken associated 
with suppression of entire whorls. Thus, in CatlitriJie the floral enve. 
lopes are wanting, and while the pistil indicates the tetramerous Qrpe, 
threti stamens are siippressed, so that the perfect flowers consist of "one 
stamen and one pistil, and the imperfect flowers often met with are con- 
posed respectively of a stamen and a pUtiL The latter condition occurs 
also in the greatly rudurud flowers of uur native specie^ of Euphorbia, in 
which the involucre encloses one naked female flower, cousistmg simply 
of a pistil, and a number of naked male flowem reduc^ to the condition 
of a single stamen. ., 

A curious kind of regular suppression, not interfenng with symmetry, 
is sometimes met with, where the typical pentameroua condi^on is r^ 
]>laced by the tetramerous, either in tto'wers of the same plant or on diflerent 
individuals of the same species. Thus, in Ruta, in some species of Sedum, 
and some Ahineec the flowers have the organs sometimes in circles of 
fives and somotiiues in circles of fours, without any other accompanying 
deviations from the character of the species. 

l.W. Union of the organs of the flower consists either in cchesioii 
of the parts of a whorl with their fellows, or in adhmon of organs of 
one whorl to those of another. Both occur in almost every possible 
degree. It must be homo in mind that thele terms are often ap¬ 
plied to cases wherein there has really been no unitpi of previously 
disunited organs, but a want of separation between parts which in 
other cases arc disjoined. 

155. Cohesion occurs in the oalyz,*produdng what is called a 
monos^lotu (or gamosepalons) calyx; also in the coroUa rather 
less frequently, forming a momnefalotts (or gomopctslous) corolla. 
With these tdnns are contrasted pdytepalmt and potypetalous (or 
diolysep-petalous), used to indicate that the sepals and petals are 
dUtinct, i. e. not coherent. » 
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In the Vine the petals cohere above, while they are distinct below, 
and the flower opens by the separation of the corolla from the re- 
• ceptacle; the sepals of Escfischoltzia are entirely coherent, and faU 
off like a cap. 

Union is less common among the stamens; but in some Orders they 
are <!ohercnt by their filaments into one piece ( monadelpJtouj ), in 
others into two or more parcels.* Other plants have the anthers 
coherent (sinujenesioKs) , while the filaments are free; and in some 
diclinous flowers the stamens are united into a kind of column. 

The carpels exhibit every degree of confluence, from a slight co¬ 
herence at the base to a firm union by their sides, complete conflu¬ 
ence of the ovary with the styles free, confluence of ovaries and 
styles in part or entirely with free stigmas, and complete confluence 
of ovary, styles, and stigmas. In Asclepiadaccae wo hai'o confluence 
of the styles, while the ovarian portions of the carpels are only 
slightly coherent. 

The details regarding coherence will be treated of more conveniently 
in the chapters on the separate organs. 

loR. Afihesion may exist between the inner and outer circles of 
the floral ^velopcs, between petals and stamens, and between sta¬ 
mens and pistils, also between calyx, corolla, and stamens with 
pistil free; or the calyx, corolla, and stamens may all adhere to the 
pistil. Jfo case, is known of adhesion of the tliree inner circles with 
a free calyx. 

V’hat is commonly tern^ mlhenion is more strictly want of separation 
between parts whtch orefiharily become detached one from the other 
during growth. 

1.57. The point of emergence of an organ is inappropriately called its 
iiuertum ; and when an organ is not adherent to any other circle, but 

Fig. 170, 



Pig. 1A9. ^ 7 \>offyncn^ (!owr>r of In seetapn. 

Pig. 170. PengynoQS flower of 


emergds directly from the pcceptacle, it is said to be free. When the 
outer organs are thus inserted on the receptacle, they are called hypo- 
ffynout (flg, 169), signi^fing below the pistil; if the stamens ap^ar 
to ai^ere to the free tube of the calyx or corolla, they are said to be 
pmgytima (fig. 170) ; while if tho tube of the o^z or receptacle is 
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carried \ip and adherent to the sides of the pistil, the stamens be¬ 
come apparently inserted on the top of the ovary, and are then called 
(fig- 171^ 

^me other terms are used in reference to the insertion of the* 
petals and stamens: thus, thalamljhral, or inserted ou the r^ptacle, 
is synonymous with h 3 ri)ogyuou 8 (tig. 169); calyeijloral, indiaating 
insertion into the throat of the calyx, may agree with either the pe- 
rigynoua (fig. 176) or ejjigynoiis (fig. 171) conditions ; while eorolli- 
Jloral, inserted on the tube of the coroQa, is a form of the perigy- 
nous insertion. 

158. The terms inferior and superior are occasionally applied to 
the calyx, according us it is free (fig. 109) or adherent (fig. 171) to 
till) ovary aU the way up ; occoKionally it is half-superior {Saxi- 
fraijH, fig. 172). The same tenns are also applied to the ovary in 
the reversed sense to indicate the same conditions; i. e. when the 
calyx is inferior, the free ovary is suiicrior, and vice versa. 

The tenns jx-ru/i/noiis, &e., and rtih/rifloral, &c. are in constant use 
and v6rv convenient, but they may convey false notions as to actual 
structure. In the perigynoas flowers of Ilosaccjc, for example, such as 
those of Frui/aria, Orum, &c., the stamens appear really to rise from a 
di.scoid expansion of the receptacle, forming the stipposed throat of the 
calyx, and in Rosa, l)/riu (fig. 17!1), and otlier similar forma the carpels 
are" really enclosed in an excavated I'eccptacle or reeepiacuUir tnie, from 
tlie upper cdgo of which sepals, petals, and stamens arise. 



Fi((. 111. Kni^iinaA flowir of «u t7iulH‘lUfcr.in soctioo. 

Fi>f. 17^. FlowVrof Saxifrugi* in i^on.with * p«rtial)|r ndherent calrmnd half-iUps'rioroTMT. 
173. x loH er of iQ leotion. 


Tlio adherence of stamens to pistils piroducea what is called tho 
(tyimdctm condition, so remarkable a character of the Orchidace© 
and Asclepiadaccm. 

159. Irregularity of flowers arising flrom unequal size, different 
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form, or unequal union of the organs of whorls is extremely common. 
Different form and size produce irregularity in the floral envelopes 
• and stamens of mauy plants whore these are &ee; and this is often 
'associated with irregularity arising from suppression. The irregular 
union occurs alone, or is suparadded to all the rest when the organs 
are Coherent; this condition is oftenest found in the floral envelopes, 
in the stamens less frequently, and in the pistils perhaps not at all. 

Irregular polypetalous flowers illustrating this point present themselves 
in Papilionaceous plants, in h'umariaceaB, Viokceie, &c.; irregular poly- 
sepalous calyces occur in Aconitum, Del^Mntunt, &c. Stamens are gene* 
rally alike in the same circle; but in dulynamom stamens (two long and 
two short) there is an exception to this. Irregular monosepaloiui cmyces 
and irregular monopotalous corollas are mot with in endless variety of 
forms, in the majority of which there is a tendency of the component 
organs of a whorl to associate together in two groups, front and back, so 
as to produce a bilabiate condition, as in the corollas of must Labiatm and 
Scrophulariace®. Unequal degree of union of stamens produces the 
diadelphom condition of many Legumiuosm, and the still more irregular 
polvadeiphous condition in the Orange. These points will be fiurther 
ex^mned in the next Sections. 

It may be repeated here, that the deviations from irregularity fulling 
under this head almost uuiversallv arise during the development of the 
bud from its originally regular rudiments, 

160. Most flowers have only very short or contracted intemodcs 
developed between the whorls; that is to say, the receptacle(§ 141) 
is UBUtdly not lengthened. Exceptions occur to this, however: for 
in the Caper tribe wo have long intemodcs between calyx, corolla, 
stamens, and pistil, producing a very curious appearance. In 



nr.fT4. Section of* flmer of with an iutemode between the caln *tid oorolU. 

}?« 55^°" ?0***-®®*®i *5* pirtile Mated on an ex^vated noeuCacle. 

^ »waoT«J. ihowiiig th. sritiiiK 
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Dianthus a.ni^ Silene (fig. 174) there is a short intemode between 
the calyx and corolla, in Gentiana between the stamens and 
the pistil. In the lloso' (fig. 176) the receptacle is expanded 
into a cup, from the inner walls of which the carpels arise; and in 
Neliimhium the carpels are immersed in a large fleshy receptacle. In 
many cases what is termed calyx-tube is in reality a tubulaib pro¬ 
longation of the receptacle, from ihe edge of which the calyx, petals, 
and stamens arise. In the Pa;ony the receptaefe is raised up into a 
kind of cup or “ ilislc ” round the cai^els, in F. Moutan enclosing 
them all but the stigmas: the apparently inferior position of the 
ovary of Victoria depends on the discoid development of the receptacle 
where the outer floral circles are inserted. A ring of similar nature, 
free from the ovary, occurs in Akbumilla, Another condition exists 
in the Mignonette (^lieseda), where the cup-liko or annular develop¬ 
ment of the rcceptocle is inside the floral envelopes, and forms a 
support to the stamens surrounding the ovary. This form of the 
“ disk,” which occurs also in Acer (fig. 176), must not be confounded 
with lliose deiH.'nding on the presence of perfect or imperfect whorls 
of abortive floral organs (§ llto). The epigynous disk of Umbelli- 
ferai (fig. 171) and allied orders is probably a development of the 
reeei)taele, since the so-called adherent tube of the calyx is ijerhaps 
an escavated receptacle (§ 171). In Cire<ea, and to a greater or less 
extent in other Onagracem, the epigynous process supporting the 
floral envelopes and stamens is prolonged into a tube above the 
inferior ovaiy, surrounding the long free style. Where organs arc 
multiplied, we often find the receptacle lengthened into a conical pr 
clavate bwly, to give room for the insertion, as with the pistils of 
liKiuiiiculae (fig. 16i)), Magnolia, Fragaria, tfcc.; and this expansion 
extends down to the region of attachment of the stamens in Banun- 
ruhis, Maijnolia, and Nymplum, where it is sometimes thickened, 
and is called a tonie or t/uilamue. In (leraniacea; the receptacle is 
prolonged into a column in the centre of the confluent styles; and 
the same occurs to less extent iu Etphorhia. 

Kil. When a circle of organs is removed from its predecessor by 
a stalk-like intemode, it is ctdlod atipitate . The column supporting 
the carpels of Geranium, or those of Umbellifenc, is termed acatyo- 
phore\ the stalk of the ovary of Gentiatia is & gtin ophore ; a stalk 
aliom the corolla, supjmrting both stamens and pistus, is a ggnan- 
drophore. Considerable influence is exerted in many cases % the 
olhquity of the receptacle, as in LcgUDlinosm, Aconiium, Delphinium, 
and many other irregular flowers. 

162. The modifications arising from enation have been already 
alluded to (§ 149), while those dependent on the aubatitution of one' 
organ for another, as in many double flowers where the stamens are 
replaced by petals, demand only passing notice. 

V 
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Sect. 8. The Flobal Envelopes. 

. 163. The floral onvolopes of a tj pioal flower (§ 21) consist of two 
tircles of organs, forming the calyx and corolla. There is no funda¬ 
mental difference between sepals and petals (the organs which com¬ 
pose these ^cles); and the only general deffnition that can be given 
is, that the outer circle (or, if only one circle exists, that circle) is 
the calyx; the co'roHa consists of the second circle (or sometimes of 
additional circles) of foliar organs intervening between the calyx 
and the stamens,. 

164. The above definition of the 
calyx is liable to exception in rare 
cases ;^for in the Malvimem, the Dip- 
saceoe, and some Bosacete the true 
calyx is double, that is, a circle of 
smaller organs, resembling sepals, or 
a tubular cup, stands outside the pro¬ 
per calyx, forming what is calk'd an 
epiealyx (fig. 177). The ambiguity 
in thase cases is removed by the ex¬ 
istence of a well-developed coloured 
corolla inside the calyx. 

The epicalyx of Malvacete, like that of Dipsaceie, is perhaps to be re¬ 
garded as an mvolpere of bracts. That of I'Uentitta (fig. 177, n) and allied 
genera is sometimes supposed to represc'Ut confluent lateral lobes or sti- 
pular appendages of the sepals. 

* 165. A difficulty arises in the exact dc,scription of the floral en¬ 
velopes, from the use of the terms perianth and perigone, which are 
applied in a manner that involves confusion, since:—1, these words 
signify the calyx and corolla taken together when the sepals and 
petals are all p^aloid, as in the Lily, Tnlip, ic., and when they arc 
all green and sepaloid, os in the Dock &c.; and, 2, the words arc 
commonly applied to the calyx in the Orders where it regularly exists 
alone, cither in a sepaloid or pctaloid condition, os in Daphne and 
the Monochlamydeons orders generally. 

The terms perianth aild perigone, which we take as svnonymous, are 
convenient as applying to instances where the distinctions' ordinarily 
tnmeahle between calyx and corolla are not apparent. 

166. The arrai^ement of the floral envelopes in the bud, the 
eativatim or prajl^rat^, is a subject of great importance in syste- 
malc bdtaByraff^aHSpffing very regular characters in the majority of 
the natural orders. 

The plans of aestivation given in illustrative works are taken fnra hori- 
sental sections of the bud just before it opens; and in cases where the 
•^ols or petab are coherent below, section is supposed to pose tiuough 
the free lobea of the limb. 


Fig. 177. 


A. B. 



Pig. KTr-.ipfrljXTrUh cpicnlfZ. 

A. 

B. (Borneo*). 
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167. Tho lEstivation of flower-buds agrees essentially with the 
veniatiou of leaf-buds (§§ 112,1 111), especially as regards the folding 
of the indi\'idual oi^ans; the sepals and petals may be reclivate, con\ 
duplicate, plicate, convolute, involute (a still further rolling-in ren¬ 
dering this induplkute), revolute (in excess becoming r^uplifafe) ; 
and an additional case is found in Poppies and some other flowers, 
where the petals are irregularly crumpled-up, or corrugdte. 

1G8. Collectively, the aiTangement of the organs is either indi¬ 
cate, contorted, or valvate, each of which forms, however, has its 
modifications. The imbricate is a natural result of the spiral suc- 
ces.sion of organs, and with the | plan we commonly find what is 
called tlie quincundal mstivation (fig. 159). A deviation from the 
regular spiral order is found in the imbricated buds of PapilioCeceous 
and some other flowers, where the second petsil has its margin inside 
instead of outside the fourth (fig. 178, a) ; this is called tho vexil- 
lary aestivation, since it occurs espedally in Papilionaceous corollas, 
where th'e large outer petal is called the vt.villum. 

Vig. 178. 

A. B, C. D. 



Fig. 17S. .^atiTation of corollaa. * 

A. Veiillarf sstiration of the coroUa of a PaiiilionM iMuii flower, p. Contorted Mtivation 
of the iH.roIla of Moira, c. Valvate astivation of tho L^oroUa of yUU. V. Plicate 
feotivation of the corolla of Coanhulua. 

The contorted or convolute mstivation is produced by the organs 
standing very obliqhely on the receptacle, us it were with one ctlge 
turned to the centre of the flower and the other rolled round the next 
suceceding organ (fig. 178, b). 

The valvate lestivation presents still more modifications. The 
margins of the organs maybe directly in conjact (fig. 178, c), or they 
may be involute (fig. 125), or induplicate, or, vice vertd, reduplicate 
(fig. 129), or eondvpUcate, in all of which cases the rolled borders 
only are in contact, and not the absolute marginsi When tho organs 
are coherent at their margins, they, sometimes become plaited or 
plicate, and a kind of combination of this and the contorted form 
occurs where the projecting plaits are all rolled round in one direc¬ 
tion (fig. 178, n). 

The calyx and corolla may both have the same scstivation, or they 
may be different; and these dmracters generally hold good through¬ 
out Natural orders. * 

' p2 
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In the Malvaceto the lestivatiou of the calji is valTate, and that of 
the copolla contorted ; in Hi/pct-iciim, Dianthtts, &c. the calyx is imbri¬ 
cate and the corolla contorted. » 

Some additional terms are used by recent authors to express minute 
differences in the sestivatiou, furnishing valuable characters in some of the 
large and multiform oi-ders of Monopetalous plants; but it is unnecessary 
to enter into these minute particulars here. 

169. The direction of the spiral in imbricated and contorted esti¬ 
vation is variable, sometimes<eYen in the same plant: occasionally the 
direction changes in passing from the calyx to the corolla; at other 
times it remains the same; and tliis character is sometimes comstant, 
in other cases very inconstant. In determining the direction of 
spirals^right-hand or left-hand, it is usn.'d to suppose one’s self 
standing in the axis of the organ; but many authors suppose them¬ 
selves standing in front of it; for instance, in the place of the bract 
of a flower, wHch gives the exact ojjposite of the former; hence great 
confiision in the application of the terms dextivrse and sinistrorse. 

The Cahj*. 

170. The calyx is the outermost circle of the floral envelopes. It 
is composed of modified loaves, called sqxih; according ns the sepals 
are distinct (§ 155) or coherent, the calyx is termed pohjsepalom 
(or diali/sepahiis), or inonosqxthm. (or gamosepdlom). 

The exceptions to the absolutely external position of the calyx have 
been pointea out in § 104. 

171. The sepals generally bear more or less resemblance to bracts, 
being attached by a broad base, seldom articulated, without any 
stalk, and of a green foliaceous texture; not unfrequently, however, 
their texture is of the coloured and delicate nature described as 
petaloid. They arc usually entire ; but the margins are sometimes 
cut, as in the Rose (fig. 158), and they are occasionally reduced to 
scale-like, or even feathery or hair-like processes. They are like¬ 
wise subject to the production of pouches, spurs, &c., c.si)ocinllj’ at 
the lower part, both when distinct and when coherent; and the apex 
is often more or less prolonged into a point or spine. Their mode of 
venation is usually like*that of-the sheath of the leaf. 

Some confusion is liable to arise in the condition called a superior calyx 
(5 168), where the segments are totally free: if we suppose an adherent 
tube to exist below, ^ch a calyx would oe monosepalous: but the so-called 
calyx-tube is usually a cup-like leceptacle, and the sepals arise where they 
appear to be inserted —tat example, m Ro^em, Umlwlliierm, Cucurbita- 
cee, Conij^sitse, &c. 

17^. ^ ihepolgsepahtts caijrx, if the sepals are alike and sym- 
metricaliy arranged, the calyx is regular; if some of the sepals are 
laif;er thw others {Hdianthemum, Cheiranthua (fig. 179)), it becomes 
irregular i and this is still more t&e case when the sc^^ differ in 
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.form os well as size. Some of the most remarkable irregular forms 
of polysepalous calyx occur accompanied by a petaloid condition, as 
in Aconitum (fig. 1-80) and Delphinium. ^ 

The coloured calyces, both regular (Fuchtia) and irregular, may be eaaly 
mistaken for corollas; but they are known by their exterior position, and in 
some cases by the existence of a more or less perfect corolline circle Within. 

173. The direction of sepals (whether distinct or coherent) is indi¬ 
cated by technical terms; thus they may bo erect, eonnivent (the 
points taming in), divergent, or even r^lexed. 

174. When the sepals are confluent or not separated, the mono- 
sepalous calyx (fig. 181) is usually described as a whole. The part 
w'here the sepals are coherent is the tube ; the upper bbundary of this 
is the throat (faux) ; and the free or spreading portion coi^titates 
the limb —composed of lobes or teeth with intervening sinuses when 
the upper part, of the sepals is more or less distinct, entire when 
the sepals arc so completely confluent that the compound nature is 
not indicated by any teeth or fissures at the free edge. 

It is nece.ssArT not to confound the recepUtrular tube with the edyx-iube 
proper. An ihvestigution of the course of development will show the 
(lifterence betw(>cn tlio two, and generally speaking the position of the 
petals and stninen.*: if the latter are pertgynous, it is probable thatthe 
tube below is rece]itAcular. The venation and internal structure will also 
serve as guides in this matter. 

175. The raonosepalous calyx is subject to the same kinds of modi¬ 
fication as that in which the sepals are distinct. It is either regular 
or irregular. 

Of the regular kinds we find a large number which present forms 
admitting of general technical names, such as tubular or cglhulrical, 
cup-shaped, infuiulibuliform or funnel-shaped, campanidate or bell¬ 
shaped, arceolate when the tubular form is expanded below, turbi- 

Fig. 180. 
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nate or tap-s7iapid irhen expanded above, infated when the lateral 
view is oval or roundish with a narrow mouth (fig. 181), &c. (See 
^ 182.) In some species of Campanula there are regular appendages 
at the bottom of the sinuses between the teeth. In Primula and 
some other genera the tubular ealyitis angular or plaited. 

Calyces nearly resembling the above are rendered irregular either 
by a greater extent of disunion taking place between some of the 
sepals, the intervening fissures being so much deeper than the others 
that the teeth become associated in two sets, giving a bilabiate con¬ 
dition (tig. 182)—or by irregularities at the base, where a shallow 
pouch renders the calyx gibboue, a deejier one samite, and a long 
narrow poucli forms what is called a spur. lu Pelarfjonium this spur 
adheres to the peduncle., 

In some instances a tubular development of the receptacle or llowor- 
stalk simulates the spur of the calyx. 


Fig. 183. Fig. ]8o. 



xig. calrx of finteia. 

ri|f. Floret atSctiMom, th#* lirnh f<f the calyx in the orm nf »J. 

Fiif. 15M. Fruit of ricWiHm.cnywneilbv the pcr»i stent culvx r»‘i»reacnt<-<i by of aninca 

(pappw). 

Pig. 135. Section of the persistent calyx, cnchisinij the rijxj cttimulc, of Hgrtfryomu*. 

» The free portion of the calyx of Comi)OsitfD, Iliiwaccte, and Valeria- 
isacese exhibits a very alicrraiit condition by appearing in the form 
lof .scales, bristles, or fcalherj- or simple hairs, constituting what is 
jpaUed the jifippu s (figs. 1S8, 1S4). In Centranlhus the limb of the 
myx is nndemoped when the flower opens, but expands during the 
ripening of the fruit into a crown of feathered processes. 

Further details resp<.>ctmg the characters of the calyx are given under 
the head of the Perianth. 

176. The duration of. the calyx varies much. In the Papavcraecffi 
it is cadveous, falling off whey the flower 0 ])ens: if it fdls with the 
corolla soon after fertilization of the ovules, it is lecidmus; very fre¬ 
quently it is persistent during the ripening of the seeds, as in Lahiata', 
some^^lanacese (fig. 185), Compositm (fig. 184), &e.; the upper part 
sometimes separates by a circular slit, leaving the base, os in Datura 
Stramonium-, occasionally it grows during the maturatiou of the 
fruit,, l^d is then accrescen t, forming in Physalis aud Trifolium 
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fragiferurti, for oxamplo, a vesicular envelope to the fruit. In the 
Marvel of Peru and other plants it is remaining and grow¬ 
ing into a firm envelope of the fmit. ^ 

The Corolla. 

177. The corolla is composed of all the leaf-like organs ol floral 
envelopes situated between the calyx and the stamens; these are 
called petals, and may exist in one or more circles. Where many 
circles exist, the inner organs often oecome stunted or deformed, 
and more or loss resemble barren filaments or abortive stamens 
{Nijmplura). Each petal, under ordinary circumstances, intervenes 
between two sepals. 

The petals are either distinct, and then^the corolla is called j)oZy- 
petaloHs, or they are more or less coherent (see § 155), and the corolla 
is nwnopeialom. 

When more than one circle of petals exists, the corolla is multiple or 
double; this is norntul in certain plants, but is very liable to occur from 
transformation of statueus &c,, or actual multiplication of whorls, as in 
cultivated flowers of the Hose, VameUia, Jlammmlm, Anemone, &c. 

17^. Altbongh petals depart m<-r(< than ordinary sepals from the 
cluiracti'f of true leaves in colour and texture, they present greater 
, resemhlaneo in some res])e( ts. sine.! they usually have a more or less 
cl( volojied petiolar region, which is sometimes of coiisiderable length, 
at other lime- a mere thickened point; and they arc commonly 
!irriculfit<'(l to the receptacle. The petiolar portion of the i>ctal is 
eulied the claio the tcxjuinded portion the Ihnh (lamina) 

(iig. ISti). Petals are lil ewiso more fretpieiitly cut at the margins, 
as in the fringed petals of Pinks and the laeiuiated petals of Lychnis 
Fl<is-(’i>c)i!!, or they are deeply divided into lobes, as in many 
Caryojihyllacea' (fig. 187), and the pinnatifid jietals of Sehizopetalum 
&c. In some cases they exhibit processes on the inner face, which 
have been .supiKised to be related to the stipules of true leaves, as in 
Lychnis (fig. 188) <Sfc. 


Fig. 180. 



Fig. 188. Fig. 189. 




Fig. 186. PetAl of 

Fig. 187. BUobed petol ^AUin* mtdh, * 
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Xho relation of these internal scales or processes to the stipules is in* 
from their resemblance to the ligvle of Grasses. They are, however, 
generally speaking, merely instances of eiwtion or expteseences from the 
ptal, found in a comparatively late stage of the development of the latter. 

179. The forms of petals resemble many of those indicated for 
aimpla true leaves; in addition to which others occur presenting 
curved surfaces : these are called simply ecncttve, tutvinilar or boat- 
shaped, cochhariform or 8hai)ed like the bowl of a spoon, &c.; or they 
may have basal pouches, and be gihhoxis, saccate, or sjnxrred (fig. 189). 
Others have peculiar appendages above, such as the crests in Pohjgala 
and the strap-like inflexed points in the petals of the UmbeUifene. 

The term nectary is vaguely employed to indicate certain struc¬ 
tures of varying character intermediate in position between the 
petals and the stamens, add different in asifect from both. 

180. Petals are ordinarily of delicate structure and coloured, 
whence we derive the term petaloid ; but they vary in texture from 
a membranaceous to a thick and fleshy condition, such ns we see in 
Maynolia, Nymphcea, &c. 

181. Polypetahus corollas are reyvJnr when the petals are equal 
and symmetrically arranged : the individual petals may be themselves 
either symmetrical or oblique, ])rovidcd they are all alike. Some of 
them have received special names, such as:—the rosaceous, where 
there are five spreading petals; the HHaceous, where six*petals spread 
gradually from a*funnel-shaped origin; cnryophijllaceom, where five 
petals have long erect dlaws from which the limbs turn off at a sharp 
angle; cruciform, where four such long-clawed petals with horizontal 
limbs stand in the form of a cross, as in the Wallflower, &c. Slight 
degrees oi irregularity arise from some petals growing larger than 
others, as in the case of the outer petals of the outer flowers of the 
corymbs of Ibtris, of the umbels of Umhelliferae, &c .; but more stri- 

Fig. 190. Fig. 102. 


Fig. 101, 




Wtg. Ua flower et AeenUitm with the Mpali rnoored, thowliig the two hamB«r-hi>iutfil 
p aWa tor petal* (or o««tarie*) with titml *iid satarior w*lr.Uln petal*, oat- 
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king irregularity results from unlikeness of the petals and disturbance 
of symmetry in their insertion or point of emergence. The imperfect 
corollas of Aconite (fig. 190), Larkspur, &c, are examples of thij; 
and a still more important case occurs in the papilionaceous corolla 
of Lefptminosie (figs. 193-19.5), which is composed of five-patals, of 
which the posterior, the vexilhim (fig. 194 a) or standard, the largest, 
usually symmetrical in form, is placed transversely; the two lateral 
(fig. 194, h, h), mostly oblique in form and small, forming the ake or 
wings, stand right and left with the edges fore and aft; and the two 
anterior (fig. 194, e, c), also small and oblique, often coherent in 
front, and forming the carina or keel, also stand with their edges 
forward. 

Examples occiw in the lirge order Leguminosee of almost every modi* 
fication of the papilionaceous corolla, approaching to regularity in "Bnptisia 
for instance, and still more in Cassia. Irregular corollas exist also in the 
Fumariaceie, in Viola, Balsaminaceee, Pelaryonium, Trojxeolum, &c. &c. 

Fig. 194. ' Fig. 195, 


I 



I 


Fig. FAptHonMMtia corolla 

Fig, IW. The Bepar«tt‘d petals: ti.TezilliiiQ: e,e,cimna. 

Fig. 195. Oroana*pIiA of floral eUTelopes* showiAg the irititation of the petaU, 

182. The monopetalous corolla has a tube, throat, and limb like the 
monosepalous calyx (§174); and similar terms are used to indicate 
the more common regular forms, such as ,iuhn1ar (fig. 192), cam- 
paniilate (fig. 19G), funnel-shaped or infundibuliform (fig. 197), 
urcolaie (fig. 198), &c., a fow others being requisite for the corolla, 
more especially such as rotate, when the tube is dxtremcly short and 
the limb spreads at a right angle (•Anayallus), hypoerateriform or 
salver-shaped when a similar limb turns off from a long slender tuba 
{Jasminum, Phlox) (fig. 199), ifec. 

183. Irregular monopetalous corollas often ftumisli important sys¬ 
tematic characters; and several of the forms or classes of forms have 
special technical names. The ligulate corolla is tabular at the base; 
but disunion soon occurring at one rinus, the limb is turned off to 

F 5 
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one Bide in the shape of a flat riband or strap, on the margin of 
which occur more or less distinct teeth indicating the five component 
t Fig. ItK!. Fig. 197. ' Fig. 190. 



Fig. IW. Campann}at« c*orolift of a Gentian. Fig. 19!*. corolla of a Heath. 

Fig. l^T. Fu&nel'thaped corolla of Ca/iro/cttfw#. Fig. 19i^. Hyi>ocraterifomiooroUaofPt/ox 

petals (fig. 200); this is especially found in the ray jloreti (§ KU) 
of Compositm: a modification with the lube and limb wider in pro¬ 
portion to the length occurs in I/)belinceie. The IMate or hHuhiufe 
corolla of the Labiatm (fig. 201) is formed by the two upper petals 
of the limb, which arc scarcely at all separated, and stand apart 
fix>m the three lower or anterior petals, which also are only partially 
separated, forming a lower lip opposite the upper one and projecting 
forwanl from the throat of the corolla: .sometimes the upi^r lip is 
concave, and is then termed galeate, or helmct-hkc ; In other cases 
{Ajuga) it is almost abortive. 

JUmost even’ modification of this form occurs in the Labiatm, ap¬ 
proaching to an almiwt regular tubular corolla in Mentha. This form 
occuK also in the florets of some ComiK)sita) and in those of various Dip- 


Fig. 200. 
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saceec, where, however, the upper lip ia 3-lobed and the lower 2-lobed; 
in the Honyauckle the upper Fip contains four petals, and the lower is 
formed by a solitary one. Veronica has an irregular corolla intermediate 
between bUabiate and rotate (fig. 202). * 

184. The personate or niaslc-lihe corolla is rather indefinite in 
form: the type of it occurs in Antirrhinhm (fig. 203), whifeh ap¬ 
proaches the labiate form; but the throat is closed by a gibbous pro¬ 
jection (forming the palate), giving the front view the appearance 
of a mask with a broad-lipped mouth. 

This is accopipanied by a fdmilar (jibbous condition of the base of the 
tube in Antirrhinum, and by a spur in the same situation in Lmaria. 
Aberrant forms of thi.s type occur in Calceolaria, Utricularia (fig. 204); and 
it runs into the labiate form%y such corollas as those of Mvlampyrum &c., 
becoming tubular in Digitalis. Forms allied to this occur commonly in 
llignoniaceie, Oesneracefe, Acanthacete, &c. 

185. When the throat of a bilabiate, or irregularly lobed tubular 
corolla is widely opened, it is called rlmjent or gaping. 

180. Petals when distinct sometimes exhibit appendages on the 
inner face which have been interpreted im stipulary, as in Lychnis 
(fig. 188); in Jlamineulns we find a minute soak at the base, and in 
Farnassia a largish scale, simple or divided, and of glandular cha¬ 
racter. In monopctalous corollas wo often fuid a circle of scales in 
the throat, either free or confluent into what is called a ccyronet 
(corona), sometimes developed so far as to produee a long tube pro¬ 
jecting from the throat. In other cases there is simply a ring of 
hairs in the throat (Mentha &c.). 

In most eases the scales arc opposite to the lobes of the coroila 
(fig. 2U5), rarely alternate and opjiosite to the sinuses. 

Examples of circles of scales in (he throat occur especially in the 


Fig. 205. 



Fia-203. PerunateeoroUk ofXiiMrrUiMHi. Tig. iWt. P«woa«>« ooroDaof Pii y s/oeit. 
Fig. 305. Section of»flowerafaBor»giBa«|oas^uu,lhi»riiigMid«t In the throat. 
tfa« ftamena. 



108 


StORPHOLOGT, OR COICFARATITR ARATOHT. 


Boraginnceie {Myo$ot{s, Symphytwn, &c.), in CiMcuta, &e. In NareUftu 
poUiictts and other species the corona is a complete riufr, while in jV. 
ff»eudo~narciiSxu (the Daffodil) it forms the deep yerllow tube projecting 
ftova the centre. Some authors attribute these structures to Morisin, 
and derive the explanation of opp^ite stamens from them (§140) ; others 
regard" them as representing a circle of ‘regular stamens iu an alwrtivo 
condition; and the alternate scales of Snmohtt may represent an abortive 
circle of stamens, as this would restore the symmetry of the flower. 
Usually they are mere outgrowths from the petals, formed by eruiiion at m 
late stage of deveilopment. ^ 

These structure, oy a confusion of terms, have been called neetaries and 
nectariferous scales (§ 179). The terms scale and coronet are 
more exact and convenient. Fig. 200. 

187. The duration of the corolla is PnducoM, thei- fJM 
duous, or persistent, like the calvTc. Occa.sionally it falls ran| 
away in part by a circular slit, as in Orohanche and 
Bhinanthtis. '* 


In Vdis the caducous toroUa separates from the receptacle 
at the bases of the petals, which cohere above and fall ofl' i»tais,wh<Tit)B 
like a little star when the flower opens (fig. 200). The 
coroUa is mostly deciduous ; it is persistent in Camjxinula. iih»p.'<"pU‘cc?'^' 


The Perianth, 


188. ThisJhas been defined as consisting of the floral envelopes ns 
a whole when composed of two circles of similar organs, or of one 
circle (a calyx only) when tho general character of the Order is 
Monochlamydeotu. 

Attempts are sometimes made, in cases where a single circle only exists, 
to distinguish whether this should be called a calyx or a corolla: if 
a single circle of stamens stands opposite to the lobes, we may suppose a 
coroUa of alternating petals to he suppressed; if the stamens alternate 
with the lobes of a simple perianth, nothing would appear to be sup¬ 
pressed between them, and in this case we may suppose that it is really 
the calyx suppressed. 


189. A large number of the ilonocotyledonous Fjg, 207. 
orders possess a petaloid perianth ; that is, there 
are two circles of petaloid organs, which, from 
their rwemblance, or their actual coherence, have 
the apfearance ofi a single hoxamerous whorl. 

This perianth may be reffidar^(6g. 207) or irre- 
jiw2ar,like the normal calyx and corolla; it may 
hb polyphyUout or monophylUms; and the outer 
eu^ may dififer to some extent from tho inner Bi^gniarS-merouMto. 
in fonn, size, and colour, without other irregu- 
larity. The fonns are described by the same 
tenns as those used for the calyx And corolla (§§ 175 & 182). 
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We have a r^nilar polyphylloua perianth in the Tulip and Lily, a 
regular monophvlJous perianth in HemerocailiSf ConvaUartaf Tamm, &c-, 
a polyphyllbus perianth with tinlike circles in Iris, and irregular 

polyphyllous perianths in Zingiberaceae, Orchidaceis, &c. ' 

190. The irregular perianth of Orchidaccae (figs. 208't& 209) re¬ 
quires especial mention, as the Order is very large, and the characters 
of the jKjrianth peculiar. There are throe outer organs (a, a, a), 
more or less alike, and usually smaller than the inner; of the inner, 

■’ the lateral (6, b) are smaller than the posterior (6'), called the lip 
(or lahellum), .which is often excessively developed, and even divided 
into regions which receive separate names; in many of our native 
Orchids it possesses a spur (fig. 208 6*). 

191. The perianth of the Palms, of Juncacem (fig. 210), and other 
Monoeotylcdons is composed of scale-like, fleshy or membranous 
organs, either free or confluent, approaching to the condition found 
in the Glumiferae. 


Fig. 209. 



rig. SOS. Flower of on Orchio, seen in iU notoml pooition. where, opting to the twjfting of 
thp inferior OTnry, the noterior pnrt is aboTe and the po^rior below. <r, n, a, 
represent sepnU; b,b, lat«r»i petals; 6', the Ubellnxn, prolonged br^nd 
St tho hsso into a q>or, 6*. * 

Fig. 309. Ground'plsn of thr flow(>r, with the Mine references. 

Fig. 210. Flower <u Liuuh : 6. the fl^nieroos Msly perianth. 

192. The perianth of the Monochlamydeons Dicotyledons is very 
varied in form, texture, and coleus. It may be motiophylhus or 
polyphyllous, and then regular (fig. 211) or- Irregular (fig. 212), and, 
moreover, petalotd or sepahid. It is r^uced to the lowest state in 
the Poplar (fig. 213), where it is a mere membranoOs cup; and it is 
absent in the allied genus Salix, as also in the Ash (fig. 214). 

A monophyllous, coloured, refmlar jMrianth exists in Thymelsceea 
(DnpAne); the dull-coloured memophyUous perianth of ArwMbeMa is 
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irregular (fig. 212). The nionopLvllous sepaloid perianths of Uhnwand 
Caftwiea (figs. 21o,210) Xw are regular; the poJ vph Wious sepaloitl periantii 
of Urticace® is also regular. In Poli/ffonuni, the regular uiuuopliyllou.s 
herianth is partially petaloid, while, in the saute Order, Jtuniex and jkhcum 
nave a double circle of unequal, wholly sepaloid organs. 


Fig. 212. 



Fig. 2U, Regular perianth of A»nrum, 

Kjf. 212. Irri'ifular piTianth of A rittolorXia 

Fig. 213. Flowor Poplar: <J, from a male rutkln; 9. from afimiale catkin; 
etich >^ith an abortive {perianth. 

193. The perianth of the Glumifcrous Monocotyledons requires 
special mention. 


Fig. 215, ’ Fig. 210. 



214. Xaked flower of the Aah 

Fig. 215. Flower of the Blm (t/7mM:,with t regular 5-toothed perianth. 

Fif. 216. Involncre or vonng^upule of the Cheatnut (Cnatanea eaaeo), with two female 
flowen, ea^ bav^ a regular perianth. 

In the Grasses, as already mentioned (§ 126), the flowers arc home 
in ^tkdets, a.s8ociated in'spikes, or panicles. A spikolct of the Oat, 
for example (flg. 217), e:i^ibit8 at its base a pair of green mem- 
branons scales, the glume$ (a, a), more or lees endosing all the inner 
parts: these are regarded as bracts, forming a kind of invoincre; 
and vrithin tfaedi are fonnd one, two, nr more flowers. The flowers 
sneceod one another alternately on a rachit •, and each is eomposed 
of two scales resembling the glumes, but smaller, called poles (}>al^a! 
or ffhmudla) (figs. 217-219, b, b '): the outer one of these u the 
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larger; but the inner one is forked at the t<^, and often has two 
distinct principal ribs ; hence it is regarded as composed of two con¬ 
fluent parts, niukiflg, with the outer free one, three sepals. Thesp 
pules or calycine scales often bear a projecting bristle (aum, arista) at 
the to]) or on the back (fig. 21St*). Within the pales (fig. 219} occur 
two, or in some Grasses three, little hypogynous scales (lodicuUx, 
A', x), regarded as abortive petals; and to these succeed the stamens 
and pistil. 


Fig. 217. 



Fig. 218. 



Fi|{.217. .Spikolct ofthi 0»t: ii,n.islunipii: A.&.tlip outer pslos of thi> tvo fiarrt*. 

Kt);. On4'flon*td(*t4w*h<*(l itmlowMU'd: ouU>r |mK'(«rith an awn 6*); 6’«th« innfTpide. 

Fijf. 210. The wimi*. ntM|;;utn<‘<l,wi(h ehf o«t«'r pwh* : K Ih** inn^r (double) pale; A<r» 

thff JodtenJfe or hy}>t>^,vMous ac-al*>M rt*pr«^‘ntiiiff ihc pftala. within which oK' the 
thmi atamens and the oTaryyilriib itit double fathered itigma. 


Sumo authors regtml the pales (ospecially the outer one) as well as the 
gluine.s n.s bracts. The hy^ogvnou.. scales are three in number in Stfpa, 
rc.storing the. svmuu'trv. The upper glume is sometimes abortive, as in 
LoUum, while in Xardns both are abseril. In only one pale is 

developed. The spikelet often contains one or mord imperfect flowers. 

19-4. The perianth of Cypcracetc, where it exists, presents a still 
simpler condition, analogous to that in the Amentiferous Dicoty- 


1% 220. 



Fig* 320. F^nrcr of the eeto^atatU (wgeai •orrcKiiidnl bye eintdeofbristl<«. 

Fig* 331. Female Answer of CtHWi e* the or perik&Ch, i& axil of a bract; 

A fcWj. ♦**t*—li*» Opelk 4 in mK .vr \i nw V# frlirt 
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ledons, and in some cases is abortive. In Seirpus (fig. 220) it con¬ 
sists of a circle of bristles; in Eriophorum it is a tuft of hairs, 
jvhich grow out into a “ lock ” of cotton as the fruit ripens. In 
Carex (fig. 221) there is an urcoolate or inflated tubular perianth 
(periffyjiium or uiricuitts) surrounding the pistil of 'the fertile or 
female flower, which stands in the axil of a bract; Ci/perus, Clmlium, 
&c. have the essential organs naked in the axil of a bract. 


Sect. 9. Tnn Essential Oroaxs of Flowehs. 


195. The essential organs of flowers consist ot siaynens and pistils, 
both of which are present hx perfect flowers, although these latter may 
be ineom^ete, from the absence of floral envelopes. In dicUnous or 
unisexual flowers the stamens or pistils exist alone, and the flowers 
are consequently imperfect. 

As the stamen possesses a determinate physiological function, there can 
be no organs physiolotfically intermediate hetwoen peUils and stamens; 
but organs vmrpkcdogieaUy intermediate occur, not only normally, as in 
the flowers of Nympheea (§ 140), but such stvuctui'es are verj- common in 
monstrous doable flowers, bearing anthers or polliniferous lobes upon the 
borders of petals. The morphological connexion is also kept up by the 
existence ot sterile filaments or stamen-stalks, which, like the filiuiicnts 
0 # perfect stamens, may exhibit a petaloid character. 

Still less can there tJe any physiohyical intenuediates between stamens 
and pistils, as they represent the distinct sexe-s; but here, again, morpho¬ 
logically, connexion is occasionally shown in monstrous flowers, witere 
imperfect organs pre.sent themselves, partaking of the outward characters 
both of stamens, and carpels. 

Abortive organs, referable either to the coroUine or the staminal circles 
or eioaescences therefrom, have been already referred to (§ 1W5); but it is 
desirable to notice more particularly the conditions of tbasc structures 
which are commonly described under the name of disk. The simplest 
state is that of one or more glandular papillte, upon the receptacle, as in 
the CrucifeisB (§ 149). In the Crassulacese (&dum, Seinpervivtim) we 
find a circle of glandular bodies outside the carpels 
and between these and the stamens. In Coberu, the 
Vine, and other flowers, there is a fire-lobed hypo- 
gynous disk, the stamens* b(dng inserted outside or 
Between the lobes. In Citrus (fig. 222) the disk 
forms a perfect ring round the ovary. In Oaulfheria 
there is a double cinfle of scales between the stamens 
and the ovary. On the other hand, in Vinca there 
are two glands, alternating with the two carpels of 
the ovary. The study of these structures is very in¬ 
teresting, in regard to the reduction 6f irregular 
fiowers to legulu types* Some of the structures are f]„„ gf cunt with th» 
ndimoitaiypetalsorstamens; and in other cases they petals snd •tamriu n- 
are refemUe to developments of the mceptacleit^f, 

eaastitttdngirhatDeCaiidoIlenameduieforH>($10O}- dMoni;. 


Fig. 222^ 
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196. The calyx and corolla having distinctivo Collective names, 
analogous terms are sometimes used for the assemblages of stamens 
and pistils of a flom*r: the stamens collectively constitute the an- 
drueeiuni; the combination of carpeltary organs forms the gyruecium* 

• 

TTie Stamens. 

197. The essential character of a stamen is, that it is that organ, 
in which arc formed i)xo pollen.-(jranu,\:^o bodies by means of which 
the fertilization of the ovules is effected. A completely developed 
stamen (fig. 223) exhibits two principal regions, the filament or 
stalk (a), corresponding to the petiole of a leaf, and the anther (6), 
corresponding to the blade of a leaf—which is a hollow body con¬ 
taining the j»ollen, and is therefore the only essential part of the 
organ; the filament may bo wanting or merely rudimentary; and the 
anther then remsyns sessile, like a leaf-bl.ade when the petiole is not 
developed. The normal position of the stamens is between the 
petals and the pistil; each stamen, under ordinary circumstances, in¬ 
tervenes between two petals or is alternate with them, and therefore 
superposed or opposite to a sepal. 

Tho base of tlio filament, or of the so-calksl sessile anther, is usually 
artkidaU-d to the receptacle when these organs are free (§ 157); but 
this condition is mure or less disguisedcwhcn the stamens are adherent to 
tho calyx, corolla, or ovarj'. 

198. Sterile filaments, i. e. such as are devoid of anthers, occur 
in many dowers in regular circles (§ 1.52); and not unfrcquently one 
or more stamens exist in this condition in unsjmmotrieal flowei%. 
Sometimes these stamhwelia are reduced to mere scales, as in the 
odd stamen of Scrojdtuhiria (fig. 224), or to glandular papillae, as in 
tho flowers of many Crueiforoe. 

199. The filament, in its usual condition, is a slender thread-like 
stalk to the anther, and in this state is termed filifomu Sometimes 


Fig. 22:1. Fig. 226. 



Fig. A KJimMi{ A, thefllmneiit; ft, the anther. ' 

Fig. 2^, Cort^la of Usd •howing the font didjuiDone •taaam wd the 

poeterior bemn one, <fr ftaWnode, 

Fig. 226. Staiaen otAUkun, with a triAd ftlameat. v 
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it is almost hair-like, and incapable of snpportin;^ the weight of the 
anther, when it is cajnUar-y, as in the Grasses ; while it is stUI more 
frequently thick at the base, ditniuishing gradutilly upwards, so us 
*to become awl-sJiapett or suhuhite. In a few instances (^Urtira) it is 
moniliform, or like a row of beads. In other cases it is more or 
less cxpuiided into a petn/oid condition, as in/fwl/ton; in Ctirnpunula 
it is expanded in tins manner at the base. Oniitlwtjahnn has tlic 
filament dilateri in this way throughout. The dilated filament 
sometimes exhibits divixions ; in Cramhe it is forked at the summit, 
the anther standing on one point; in (fig. 225), Alyxsitm 

calycinum, Ornitkof/ahim mitaiis, &c. tlie filament terminates in three 
teeth, the middle one bearing the author; audin Allium mtivum one 
■ of the lateral teeth forms a kind of tendril. 

In some plants, as in Mallows, some Myrtaceoe, Hypericum, Ac., the 
stamens are very numerous and are arranged in fascicles. The st udy 
of the development of these Rowers .shows that in most cases these 
fascicles are originally single organs, w’hich become 8ubso<|uently 
divided, or rather branched, so that the fascicle of stamens in such a 
case may bo compared to the com{)ound leaf. 

200. Appendages of other kiiuls are also met with, such as n pair 
of glnndular proeexses, standing like stipules near the base, in Lau- 
racea) (fig. 2:33), a single .ynir in Rosemary; while in Ihmiyn the 
filament appears to arise on the face of a scale-like body, and in 
Simabft and Latrea it stands at the back of an analogous scale. 

The scale-like organs situated at the ba.se of filaments, or connected 
■yith fascicles of .stamens (Tiliucrtr), are by some regarded as fumi.shing 
evidence for the doctrine of chorids f§ 140}; but they are more prolsibly 
merely barren lobes of compound stamens. 

201. The anther has a tj"pical forrn, which is subject to veiy great 
modification in different cases. A regular anther (fig. 223, h) is an 
oblong body, di\’ided perpendicularly into two him ; the division is 
usually marked by a fiirrow on the face, and a ridge on the hark 
(or dorsum). The central region, wdiich is solid and represents the 
midrib of a leaf. i.s called the cnnu.rtire; the hhes arc hollow dila¬ 
tations of the lamina, and contain the pollen. At each Iwrder, 
usually rather towarli the face, is a vertical line, called the suture, 
indicating the place where one class of anthers split o])eu to discharge 
the pollen. • 

202. The anther is attac]^ed to the filament in several ways; if 
the filament runs directly without interruption into the base of the 
connective, like the stalk of an onlinary leaf, it is said to bo innate 
or bcuijixtd; if the filament runs up the back of the anther as it were, 
so that the latter is more or less free at the base, the anther is 
eidnatf or darrifixed; if the filament is attached by a slender apex 
to abont the middle of the back «f the anther, the latter is versatile. 
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In the Tulip, the capillary point of tho anther runs up into a conical 
pit in tho base of the connective. 

203. Tho modiilbations of the anther result from rigr- ”26. 
various causes—from development of the connective, 
from the presence of appendages, from variation of 
form of the anther-lobes, and from special conditions 
of the internal cells; and there are also important 
differences in tho manner of bursting, or dehiscence, 
for the discharge of tho pollen. 

204. The connective is normally a solid rib, run¬ 
ning up the middle of tho anther. If the lobes of tho 
anther extend upward or downward beyond it, the 
summit or base of tho anther (or both) becomes 
emarfjitvite. On the other hand, the summit of the 
connective is prolonged in a membranous form in VioJa, 
and also in the Compositse. In J'ari.t (fig. 226) the Stamen ot 
apex is lengthened into a point, also in Asanm, 

Maynolia, Ac.; in XtjJoim into a Heshy mass ; in the Oleanders into 
n feathered proee.ss, &c. In two of the stamens of Viola the base of 
the connective has jwtaloid s]mr-like appendages; and still more re¬ 
markable states occur in the Melustomacea;. 

At other times the connective expands transversely, so that the 
lob(‘s become m<irc or less separated ; in such cases it may be ovate, 
orfiiculac, Ac. (Melma, tho Lime-tree, &e.). This is espeeially the 
ease uoth t he lower part; and examples may be found illustrating 
this point, forming a series from the state where the bases of (lie 
lobes arc lint slightly separated, to that in which they are inclined 
together at the summit at an angle of 45° (flte.v) ; or, further, the 
bases are carried out and up till they are horizontal, as in S(ach>/s, 




Fig. 227* SUmon of Sttltia with a hjilf-aoUit'r contaiiiiiig [kUWq mi 4 the other h*lf 

iMirmn, by Uie biAircatios of the connoctiTv from tb« fuimtiit of ihe 

fllwment. 

Fig. 328. Orou}) of AtAiDPiu with nnuAir of the male flower of a Oouro. 

Fig. 329. Stamon of r«e«4«ha» 
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Prunella, &c.; while in other instances this goes so far that tho 
connective grows out into two distinct arms from the summit of tho 
lament, bearing the solitary anther-cells at the tips: in Salvia 
(fig. 227) one of tho lobes is abortive, and represented by a pctaloid 
plate, 

205, Tho lohee of the anther are commonly oblong; in the 
Grasses they are Umar ; but they vary with the form of the con¬ 
nective, and are sometimes laaate or reniforni. In the Cucurbitacem 
they are remarkably convoluted (sinuate) into a flat scroU-like 
form (fig. 228). Hot unfrequcntly they are atten\iated upwards 
into free points, as in Vaccinium (fig. 220); in the Melastomncc® 
tho^ two lobes become confluent into a tubular process at the summit; 
■tvhile appendages are occasionally met with at the bases of tho lobes, 
as in Eriea (fig. 230), &c. 

206. The lobes of most anthers exhibit intcrnidly four cells (or 
loetUi) in the early stages of development, each lobe being divided 
into two by the septum extending from the connective to the suture 
(fig. 231). The septum is more or less destroyed during the matura¬ 
tion of the pollen in most cases, leaving tho anther twn~cell«l, or 
JiTocufar (fig. 232). In some cases tho internal substance of tho 
coimective is^ likewise absorbed, producing a true nniloctilar anther, 
as in AlehemiUa and in Malvacem. In other cases tiie four cells arc 


Fig. 230. • Fii.'. 233. 



Sr- 990. Stemen of T.riea c*•A^ 0 a. 

Fig. 231, Section of Ml nnth^ it. two !ob« itill dinded into twoccU. brthc Wo rmebino 
from the connectiTe to the tuiuret. ^ ^ 

983. Seetion of* biloenUr wither (the tepta havf. 

retained perfect, as in tho rpxadriloeular anthers of Entomus, where 
ore parallel, and of some Lanracem, where they become’oAhoitir 
so that the summits arc all turned towards the face. The dimulLu 
omlocBlar anthers of Oomphrena and Salvia are so called from being 
only halves of anthers in which one lobe is abortive or suppressed 
Ahtmudons one-celled anthers oAur in Polygala. Tho unilocular 



THE ESSEKTIAI, OBOAJfB-STAMEKS. 117 

lateral anthers of the diadclphous • stamens of Fumariacese are 
dimidiate .. 

;107. When the ‘anthers are mature, the cells or loculi open and, 
discharffe the pollen. This dehiseetiee takes place in different ways ; 
iX, may ho sutural, 2 >oi'Ov.s, ov opercular, • , 

iiutimd dehiscence is the opening of the walls by splitting down 
vertically at the sutures, and turning back like folding doors ; this 
is the more frequent case. A transverse slit is formed in the uni¬ 
locular anther of AMiemilla, in Lavandula, and in Lemna. 

Porous dehiscence is where definite orifices are formed at some 
point of the wall of the loculus, as at or near the summit in Solatium, 
Ericacca) (figs. 2211, 23U), &c. 

Opercular dehiscence results from the partial separation of a por¬ 
tion of the wall of the loculus, in the form of a kind of lid, as in the 
Berberry, where the front of each cell sidits off at the sides and base, 
and turns back as if hinged at the top. In the Lauracose (fig. 233) 
wo find either two or four little lids of this kind, opening the two or 
four cells of the anthers. 

20{S. The stamens of the Gymnospormia present remarkable con¬ 
ditions, which require separate notice. 

Among the < 'onifcrtc, the stamens of Phuis constitute the entire 
male flowers, and are conjoined into male cones, each anther forming 
a scale of the cone : they are bract-like plates, bearing on the lower 
face two jjarallel anther-lob(‘s (bursting longitudinally or irregularly), 
beyond which the connective extends more or less as a scale-like 
process. In Ctpressus the form of the anther is excentrically 
peltate (§ 89), the lobes, three or foui- in number, standing under the 
overhanging connective; and it is similar in Juniperus and Thuja, 
In 'Ta.riix the peltate connective is more .symmetrical, and radiately 
groovtnl fibove, hu^’ing from three to eight vertical anther-lobes be¬ 
neath : some authors regard this as a group of monadelphous stamens. 

I n the Cycadaceoc. wliere the anthers are scattered in large num¬ 
bers over the lower face of the scales of the male cones, they occur 
mostly in the form of groups of four simple antlier-lobes, with longi¬ 
tudinal dehiscence and arnuigi^d in the form,of a cross. These are 
mostly described as parcels of unilocular anthers, 

209. The stamens, taken collectively, present a number of cha¬ 
racters, w'hich have received technical names. The number of sta- 
mems in a flower is indicated by the tejms mon-androus, di~androus, 
&c.; when more than twelve exist, the term jw/y-owdrous is em¬ 
ployed. When the number of tho stamens is equal to, or some 
multiple of, the number of petals in tho corolla, &c., the flower is 
i sostemonous ; when the number is different (os in Scrophulariacese 
&c.) tho flower is anisoitemonouB, 

210. Two cases inequa&ty'of length of the filaments aio 
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distinctly named, viz. the didynamous condition (figs. 234 & 235), 
when there are two pairs of stamens, one pair longer than the other, 
characteristic of many irregular Monopetalous' flowers (Labiatm, 
Scrophulariaccae, &c.), and tetradynamous (fig. 23(3), when there are 
four long stamens and two short ones, characteristic of the Crumfege. 

211. The term inehtded is employed to denote that the stamens 
do not reach beyond the corolla ; exserted, that they arc protruded 
from it; while declinate mpans that the”exserted stamens are all 
curved over to one side. 

212. The stamens arc subject to apparent confluence or cohesion, 
like the other organs (§ 154).. If the filaments are only pdilially 


Fig. 234. 




*Fig. Corolla of Glet-Xoma, laid open to show the didrnamone stnm*>n!«. 

Fig. 235. Corolla of laid oiten to «how the didyhamous (itam«na. 

Fig. 236. Tvtradynainons stamens oi the Wallflower surrounding thi> pistih the floral cnv«^- 
lopes being rvmortid. 


separated* so that they form a tube surrounding the style (or a 



tSt. Koniidclplioo. itwntms of Xalta, 
tig, 3SS. IXadAiphou atanKm* at Legtnninow. 

Tig. ase. &ro)uia>i>tao of a Papiiioiuu»oo» floirorwith diadolphooi •tanuMU (the little eindee 
Rxma the e^'terjr onwl). . 

T|(pMA W e delp hoiie or polyedeyhotwefiaacBeof agfftianim. 
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column in a staminate flower of a diclinous plant) (flg. 228), the 
stamens are monadelphom (flg. 237), as in Malvacese, Camellia, &*. 
In Fumoriaceoi thej’ are colierent into two equal parcels, while in , 
many Leguminosm, of ten stamens, nine aro united together and one 
free; these states are culled diadelphom (figs. 238 & 239).. In 
Hypericacete wo have triadelphom (fig. 240) and penUtdelphoxts 
states; but these, as also the state in Aurantiacem and various 
Myrtace®, are generally denominated jtolyadelphous (see § 199, 
compound stamens). 

213. Syivjeneeious signifies that the filaments are free, but tho 
anthers coherent (fig. 241), as in Composite and Lobeliaccffi. 
Gynandrotis indicates confluence of, or want of separation between, 
stamens and pistils, sueb as occurs in Orchidace®, Asclepiadace®, 
Aristolochia, Sic. (fig. 242). These tenns, together with those de¬ 
scriptive of adhesion, perigynou.s, epigijnovs, Ac., have already 
been explained (§ 157), as also the meaning of the words monoecious, 
dio'ciuns, &c. (§ 151). 

214. Usujilly what is called the face of the stamen is turned 
inwards tow’ard tho ovary, and it is then said to be i ntcorse : but 
sometimes the reverse state exists, ai\d the face is turned towards 
the floral envelopes, as in Banmculus, Volchicum, &c., when the 
stamens are termed ext rors e. 


Flg. 241. Fig. 242. Fig. 243. 



Fig. 341. Synfff.npuoii« of ComjKHritjpr o.tho anUicm •nrronnding tiio atvla at a 

8n(«th; bf the aHtherfl rt'niDTed and MnreAd ont.. showing t-he fW‘tf 
Fig. 243. Sf*ctmn of the low^r Murtof the Deriftnlh of yf on tho mferior ovarr. 

In the csritjr of tne periantn is tho atyle» with the adhorent sathers U{)oa 
its sides. * 

Fig. 243. ClsTSlo )K>llen*nia8Sof prolongedbeiowintoseatt<^«,bjwhichitsltsohes 

itself to the rotieHttm of the stigmsa * 


215. The Pollen, discharged from the anthers, consists in almost 
all cases of a fine powder composed of microscopic vesicles; the form 
and appearance of the g^ins vary much, and will bo spoken of 
hereafter. The pollen of the Asclepiadac^ and Orchidacete, how¬ 
ever, has a great peculiarity, in femaining permanently 
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into masses, often of a waxy character. In Orchidaceie the jtoUen- 
masses, or pollinia, are either single' in each looulns of the anther 
•(as they are in Asclepiadaceae), apd then often furnished, as in Orchis 
&c., with a stalk-like process, called the caudicU (fig. 243), termi- 
natiEg in a gland-like base (rethwculum), by ■v^ch they readily ad¬ 
here to the stigma or to forei^' bodies, such as insects; or the 
poVitiia are two or four in each loculus, and devoid of a caudicle; 
sometimes the arp numerous^ and form merely a loose 

granular mass. 

The external characters of the pollen-grdns, their structxne, and sub¬ 
sequent history will be treated of . in the Third Part of this work, as they 
belong to the microscopic anatomy and the Physiology of I’lants. The 
form of the pollen-gmins is generally constant in the same pknt; but 
great variations are often found within the limits of Natural Orders, so 
that, excepting fhe Drchidaceno and Asclepiadacete, and a few other groups, 
they do not anbrd any very useful characters in Systematic Botany. 


Fig. 24(1 


< The Pistil. 

216. The central essential organs of flowers, composing the pistil, 
consist, like the outer parts, of modified leaves; these constituent 
leaves are called carpels. The peculiar character of a carpel is, that 
it produces omles, the rudiments of the seeds—usually upon the 
margins,but occasionally ou other parts of the internal surface. In the 
Gymnospermia these ovniles are developed upon the edges or surface 
of expanded carpels. In the Angio- 
j^nuia, comprehending the great Fig. 244. Fig. 245. 
majority of Ilowering plants, the 
carpels are folded up, either singly 
(fig- 2441 or collectively, with the 
margins wned in .so os to place the 
ovules in the interior of a hoUow 
case. The case thus formed, en- 
* cloeiDg the wvles, is called the ovary 
(figs. 224 k 225, a, a ); the upper 
pai^of the carpel is ftequently at-<f|j 
tejnhQted into a lender column called ^' 
tbe style (c), at the extremity of 
ttiiich is a (ermin&l glandtUar orifice 

or (h, b), the borij^rs of Fig. SIA Simptr {liitil of Avum.- a, the 

'irhi& are oftem more or less the 

'T J 1 J • t rig.m. Th* nme, ojpwicd, to »bow the 

ibiakeBed, or developed into pro- onis witunthton^. 

0^ <rf Various kinds, g^etimes 

0s mtaf prolongation does not j^t^cpia^UkMtiwoaDaBrDtBiMxiiu 
axkt $ 40 ^ then tile stigma is sessile * ‘ 

^oh 
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The pistils are undoubtedly formed of carpels (carpellarv leaves) in 
most instances. Some writers do, indeed, consider them to m formed in 
certain families by an expwsion of the receptacle or axis of the flower; 
but it is the general opinion that the carpels in such cases ate imbedded 
within the hollow receptacle. 

The foundations of the carpellary theory, and of the doctrine that the 
carpels are metamorphosed leaves, rest upon a very wide basis. The fol¬ 
lowing observations include examples of some of the most important 
classes of proofs j—1, The carpel ordinarily possess^ more of the cha¬ 
racter of a true leaf, as regards texture and colour, than the stamens or 
petals—approaching to the sepals, which we^have seen to pass insensibly 
through the bracts (§140) into ordinary leaves. The resemblance is 
sometimes heightened during the development of the fruit as we see in the 
legumes of some species of Cassia, and still more in the bladder-like pod 
of edviea. 2. Abundant examples exist of the substitution of petals for 
stamens and pistils in abnormal flowers; and an almost equally common 
monstrosity consists in the substitution of isolated stunted green leaves for 
the carpels. lu the Double Cherry, cultivated,in shrubberies for the sake 
of its blossom, the stamens are generally replaced by petals, while the 
centre of the flower is mostly occupied by a pair of green leaves. (The 
single, fertile Cheny frequently nas two pistils developed instead of 
one.) In a common monstrosity of the White Clover, the pod is usually 
replaced by a more or less perfect gretm leaf; the same occurs in garden 
Koses, wliere tufts of green leaves replace tbe pi.«tils; and, in fact, 
examples of this kind are very abundant. 3. The more or less stunted 
green leaves which represent the carpels in the above-mentioned monsters 
frequently exhibit on their margins structures varviiig in character from 
almo.Ht perfect rudiments of ovules to cellular pnpillie and leafy lobules. 
This is observed in the monstrous Clover, and has heeu especially remarked 
also in nionstrous flowers of cultivated (forced) Tulips, of various Cruci- 
fene, liammculacem, ScroplmlariacoR», &c. The abnormal conditions in 
these ca-ses are analogous to the normal condition in Conifene and Cy<»- 
deie, the Gymnospemis, where the omles are always naked on open 
carpels. 4. The production of ovules on the margins of carpels is anuo- 
gous to what is seen in the development of adretitUuius buds on ve^tative 
leaves, as in Itryophyllum &c. Such buds, however, occur sometimes on 
the upper surface of leaves; and we find some carpels, as in Nymphaa, 
Hutnmus, &c., with ovules developed more or less extensively over the in- 
fyntal face. 6. The disposition or arran^m(>nt of the vascular bundles 
is that of tbe leaf, not that of tbe branch. The structure and mode of 
growth generally are tho.se of the leaf and not of the branch. ^4 , 

217. The region of the carpel w hcnco the ovules arise is caU^Fine 
pheentn; and when is Angiospennons flowers the placentas arl clearly 
and distinctly marginal, they must of course be elouiU, from the 
meeting of the two edges; the snme^ true of the ttignidtie mrfiieet. 
The line of union of the margins of carpels constitutes the vmtral 
miture ; the line corresponding to the midnb of the carpeUfttr leaf is 
the dorsed suture. 

An excellent example of a simple typical pistilformed of a single car|^ 
is afforded by the legume of the Legumiuosie; a% for instance, in the 
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Sweet>pes, -^rhere we find the OTory, with a Tentrfll and dorsal suture, 
narrowed above into a short slender style, terminating in a slightly 
enlarged stigma. WTien we open the ovary, in the way it is broken in 
shelling peas for the table, we lind the placentary fnargins separated at the 
ventral sutiuo, each carrying away half the ovules, demonstrating clearly 
the double character of the placenta. 

218. Pistils differ extremely in different plants, from dissimilarity 
in the number, degree and mode of union, and relative development 
of the different regions of the carpels, to which are added the pecu¬ 
liarities arising from adhesion of the outer circles. 

219. The number of carpels is most frcijucntly less than that of 
the organs in the outer whorls, being very frequently reduced to 
two, and often to one., On the other hand, multiplication of the 
number is met ndth in certain Orders, where the receptacle is gene¬ 
rally more or less enlarged to make room for thqpi. 

A large portion of the Monopetalou.s IMcotvledons, with a quinarj- ar¬ 
rangement of the calv-v and corolla, and often of the stamens, have dicarjiel- 
lary pistils, as Gentianaceee, Apocynacea', Solanaceaj, &c. Leguminosm 
with quinary flowers have a solitary carpel. The agreement of the number 
of carpeb with the other organs is’almost universal in the ternary flowers 
of Monocotyledons, as in Liliacero, Iriduceie, Orchidaceffi, &c. M’ultiplica- 
tiou of carpels is especially frequent in the Rauunculacear, Maguoiiaceie, 
and some other Orders. 

220. A most important sot of conditions arises from the phenomen.a 
of cohesion in the carpeUary circle. In the typical jristil above 
described, and which really exists in Legumino.sm (for instance), the 
organ, being composed of one carpel only, is simple. A carjrel may 
be solitary in a flower, from suppression of the remainder of the 
circle ; or there may be in the same flower several distinct, i. f. nn- 
combined oarpels, as in Lark.spur, Aconite, Magnolia, lianuncuhis, 
Fragaria, &c.; in these cases the term multiple pistils is occasionally 
urod, or we may say carpels distinct, three, five, or numerous, as the 
case may he. The term apocarpous includes both the solitary 
carpel and the multiple pistils. In the case of multiple pistils, where 
the receptacle is flat the carpels are in whorls j but if the receptacle 
is elqflgated the carpels are arranged spirally, as in Magnolia. 

221. Wher^ as verv frccjucntly happens, the carpels cohere to- 
gMher, as the Stamens do in the condition called monadclphous, a 
tynearpous or compound pistil is formed ; and- ss the carpels occupy 
tiie apex of the rfeocptacle, they do not form an open organ, like the 
tal» of filaments in jl/afva; for,example, butm closed Case, appearing 
extramally Uke a solid body, mostly with ridgus and grooves on the 
outside, indicating its compound nature. 

The union varies very much in degree: even in multiple pistils 
ve find the carpels sometimes cohering strongly w)iilo young, and 
sepora^g only as,^e seeds ripen; and in tnm compound pisUk the 



iHX lissEirruL oboaitst—Vtstiu. 


123 


union docs not always extend to the summit of the ovarian region, 
as we observe in the Saxifragacex, where the apices of the ovaries 
diverge. More frequently the ovarian regions are firmly coherent; 
and then the styles may lx? wholly free—Pink, Silene (fig. 174), Hy¬ 
pericum, <fcc.,—or united part of the way up—as in some ^falvocoie 
(fig. 247),—or entirely, but with the stigmas distinct (as in Gera¬ 
nium, &c.); or the stigmas may also be confluent (Primulace®, Sola- 
naee.x', &c.). Sometimes, however, the styles or stigmas exhibit the 
reverse condition, and are split into two ports, as in the styles of 
Drosera, Euphorbia, &c. 

222. The conditions arising from adhesion have been referred to 
already, under the names of superior or inferior calyx or ovary 
(§ loS). They are always associated-with cohesion when more than 
one caqiel exists. The styles arc free when the ovary is inferior, 
either coherent, as in Iridacem (fig. 2()0), or distinct, as in the Um- 
belliferuj (fig. 171) and Knbiacem. In Sa.rifraya, and in some other 
cases, the ovary is half-inferior. When the stamens are consolidated 
with th9 pistil, the yymndrous condition is produced. Iii Ordiidacese 
the filuiuents are inseparable from the style, forming a column sur¬ 
mounting the ovary; in AsclepiadaccoD the anthers adhere to the 
summit of the free compound style ; in Aristolochiaceffi the filaments 
adhere to the base of the compound style (fig. 242). 

223. Compound pistils are sometimes smooth and even on the 
outside, showing no sign of their compound nature, n.s in Primula 
&e.; in other cases they exhibit more or less deep furrows at the 
lines of junction, sometimes dividing them into lobes. But the in¬ 
ternal struclui-e of tlie ovary generally indicates the number of car¬ 
pels entering into its composition very plainly. 

Fijr. -47. 


MulttlocuUr compound oiuries. 

Fig. 2i7. Ovnry, rtylcB, and Stigmiw of orary of 

Fig. 21 S. 2'ecU(Kl ovary of Scroiidinlariaccir*. Fig. 2W. 3.o<*ll»?d ovary of Oftnmefyna, 

Fig. 251« ovary of Fnciiad. 

224. When the carpels are firmly and organically finited by the 
surfaces of contact, we obtain the type of a compound mulfilocular 
or many-celM^pvary (fig. 248). In these cases the sides of the 
constituent car^s are folded inwltrds, so as to &cct in the centre, 

0 2 



rig, 246. rig. 240. rig. 2o0. Fig. 2ol. 






124 


JfOBPHOLOOr, OK COMPARATIVE ANATOMT. 


and thus form partitions between the chambers (cells or hcuU). The 
placental margins of the infolded car]>els are rotroHexed, constituting 
’ central O Tff.rUe placentas. The partitions are called (ISssejoiments, and 
are necessarily double, being composed of the conjoined side-walk of 
coijtiguou.s carjxils. In snch ovaries the dorsal sutures are in the 
outer wall, while the ventral sutures meet in the centre (fig. 24S). 

Examples of this kind of ovarj- are fiimished by Liliacpfc (fig. '2i0) 
and many other Monocotyledonous orders, by J’h'icacene, .Solanacoa), Scro- 
phukrinceto. See. In some cases the ventnd sutures aiid placentas are not 
directly confluent, but adhere to a central prolongation of the receptacle 
running up between them, as in (temnincem ( fig". 270), &e. 

F(dses>x ajmcioiis tlmepiim nls < k‘cuv oceasiunally both in compound and 
. simple ovaries, consisting of membrnucs or plates developed from the pla¬ 
centa or from the dorsal suture, and subdividing the originally single ca¬ 
vity fonned by individual caipels. Tims in Linuoi the o-carjadlary ovary 
would have five celk;were it not that a spurious <lissppiment extends in¬ 
wards from the dorsal sitting to the plaoeuta in each cell, and divides the 
ovary into ten cells. In Asfrae/alus i fig. 202) the .simple ovary i.s divided 
by the infle.xion of the dorsal suture, and in Datura Stramonium a false 
septum k fonned in each of the cells while the seeds are ripening. The 
transverse false septa found in various Leguminous ovaries, such as Vathar- 
toearpus &c.,'are likewise placental developments. 

225. If the cnrjxsls are not infle.\ed. but cohere by their contiguous 
margins, they form a hollow case with only a single cavity; and ns 
the lines of junction of the carpels are on the outer wall, the pla¬ 
centas must stand iasido those lines ; in this way is formed a vnila- 
eular eomjwnnd ovary with parietal jitacenta.s (figs. 2.");i-2.*)5). There 
hre no dissepiments; and the ventral sutures, alternating on the outer 
walls with the dorsal sutures, are, in such cases, like the placentas 
within, formed of the confluent margins of two different caqKds 
instead of those of the same caq)el. 


Fig. 2->2. 



^ig, dS2. a. legtune of Anfragaivt; d, crow Fij. 2.W. O Afy of Oenti&nacrtt. 

•eotioOtinowinga&lMtdiMopuDeQtfonned 254. Oiarr of 

by the inflexion of the eutiuro. Fig. 255. Ov&iy of Cw/itf. 


We find almost eveiy possible degree of tran.sition between the parieial 
and the axffe jdaemUas, according^as the placentiferous margins project 
more or lose into tin interior of the ovary. True parietal pluentaa are 
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found in Violacero (fig. 254), Resednceffi, Oentiftnacem (fig. 253), Fuma- 
riftcere, Cistacero (tig.^265), (Jrossukceffi, &c. In Papaver we have the 
nuirgina tunied-in so as nearly to reach the centre (as inlperfect diasepi- 
ments) ; iii some llypericacem (//. gmoeulem^ the originally axile placentas 
heeome ))arietal by sejamtion during the ripening of thie fruit, while in 
Cueurbitaceai the originally distinctly parietal although greatly infldxed 
margins ultimately cohere so as to form an axile placenta. 

In Crucifenn we have an anomalous condition, where there are two 
double parietal placentas, but from the central line of each projects a plate 
passing across the cavity and forming a kind of spurioas septum, called 
a • no that each cell contains only the two half-placentas formed 

by its own margins. 

220. In some Orders, where the walls arc as in the unilocular 
comiiound ovuric.s ubovo described, the placeiitus are found as a free 
oohiinn or c.xjianded mass in the centre of the common cavity. This 
forms the coinmutv l unilocular ovary with a Jree central pJafmta. 
In Primnlaceu', Santalamc^ and some other~nnIersrwKeremis kind 
of placentation occurs, the placentas are free from their very earliest 
state, and ttro seen to be direct prolongations of the receptacle 
within the carpels. 

The appttaninee of a free central placenta Is presented in CfttyophvllacefB 
and some other plants by the obliteration during development of the jrar- 
titions wliieh, in u young state, pass between the outer walls and the centre 
of the caipels. 

In the opinion of Schleideii and .some others, the marginal theory of 
placentation is eiToneous. Tlie placenta.s are supposed t<i he in all cases 
stem-structures, ramified or simple, n.villnrv to the eari)els, or forming the 
terminal bud of the axi.s or apex of the reeeptiude, within a cavity eithor 
formed by carpids or by a liollowing-nut of the end of the receptacle. 
Thus the solitary ovule.s in the simple pi.«tils of Rammculu^f, Prunwt, Fra~ 
;/(irin, kc. would b»' uxillarv' buds of the carp<d.s. The solitary ovule of 
I'luuibugimicere, f'ompositie, Thyiiudacea;, <.vc. would be the terminal 
bud id' the axis. The live central placenta of I’riimilncoa;, &c, would be a 
terminal shoot covenal with buds or ovules; and the cases of axile placentas 
in multiloeular ovaries (I.iliaeeie, Scrophulariaceie, &c.) would result from 
the margins of the carpi'ls tuniing in and adhi riiig to the central body. 
Parietal plneentiks arc explained by supposing the terminal shoot to branch 
out into as many proco.sses as there are placentas, these shoots bearing 
buds (ovules) and adhering to the internal sifrfa<fl> of the carpellary walls. 

The.se views are not much adopUni; for while the margin^ theory ex¬ 
plains most cases very naturally, it mnv be made to explain free cenlnil 
placentation more satisfactorily than panctal placentation can be explainosl 
on the other hypoihe.sis. • 

227. The placentas have been spoken of as double, on account of 
their origin ; where only one ovtile exists in a cell, it is assumed that 
one at least is supjiressed; and this other is not unfrequently deve¬ 
loped in (he Cherry, Almond, ifec. (causing the double kernels). In 
Ixiguminoso! the double placental base is so narrow that the ovules 
arc placed one over another, anef form what appears liko a single 
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line. ^ Larkspur, Columbine, &c. there is a distinct double row; 
in many cases each placenta has a double row of ovules ; while axilo 
► placentas aro frociuently thickened and enlarged, so as to bear a largo 
collection of ovules, closely packed. In Papaver the ovules exist all 
over the imperfect septa; in Xyvxplum, all over the sides of the dis¬ 
sepiments, and not at the marijins ; in Batomus, all over the inside 
of the carpels, &e. Where ovules arise from the base of a carixd, 
either singly or in larger numbers, the plaeentation is called basilar ; 
it is in most cases a slight modification of free eeutral. 

228. The sti/lss require no particular notice beyond the statements 
already made, except in regard to their irregular position in some 
eases. The style is really produced from the aix^x of the carjiel; but 
in various Kosacem, the ovarian part of the structure is so develojwd 
that it leaves the style on one side (lateral) (Fraijaria,^g. 2oti), and 
sometimes even grows out and up so much that the style, then called 
basilar, seems to arise from the base {Alcliemilla). In the lloragi- 
naceaj and Labiutfe a similar condition of the styles exists in a com¬ 
pound pistil; the styles in these plants are confluent, and arise as a 
solitary column from a deep depression in the centre of the 4-lobcd 
ovary, communicating with the cells near the base as in the llosaeem 
referred to. These stylos of Labiataj &e. aiv called aambasic 
(%. 205). 



Fig, 2.Vi. Lftti ml siTl,. of Friifir!,,. 

'fith fiiuhory ntigmmi. 

Fig. Pirtil of A (rram, with tmnioiUfatc* vtigtnM. 

Fig. K9. SbgraiM of Cnciit. 

229. stigma is either situated at the end of the style or, 
where this structure is wanting, it is stssih on the ovaiy. Instancies 
of sessile stigmas are funiiahedAy the compound pi.stil.s of Papaver (fig. 
262), Nymphseacesc, See., where the stigmas form radiating ridgi^s on 
the top of the flattened ovaries. The clongateil stigmutic surfaces on 
the inner sidra of the beak-like points of the simple pistils of llanxox- 
culus and allied plants arc almost to be called sessile stigmas ; and 
these form a transition to the long (ftigmatic ridges which extend down 
the inner sides of the styles of most Caryophvllacetc. When it is 
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properly torminal it exhibits a great variety of conditions, both as 
regards composition and structure. 

It has been stated that the styles of compound ovaries are often , 
distinct ; the stigmas are also often distinct on compound styles, in¬ 
dicating the number of constituent carpels. Moreover these distinct 
stigmas are occasionally split dowi into two arms (stigmata biern- 
rift), corres])onding to the two placentas below; the one-ceUtni ovary of 
Grasses and Coinposita? (fig.264) bears at’l'o-armcdstigma; and the 
stigmas of the compound ovaries of Euphorbia and some Droseresaxe 
double the number of the carpels. Sometimes the distinct arms of 
diffei'cnt carjicls cohere, and form stigmas equal in number to the 
placentas, but alternating with them. 


Fic. 2<i0. 




Verttoal •cctionofthrflowrrof/rv; inpct^loid 

Fig. Ft'nmh* floo-fT of Curumi* mftrv*. iftith #f 0 pi |9 

Ftg. Ovary of Papurrr, with ndia(« apteile 

2:W. Stigmas, simple or compound, when distinct, are either tcr- 
mimd, or Intend: in the latter e-ase the stigmatic surface is on the 
ventral side. Their form is generally slender and thread-like, with 
a glandular stigmatic surface; but in the Gnasses the stigmas arc 
feathery (fig. 257) or penieilhte (fig. 258) ; in the Iridaceae they are 
petaloid (fig. 25i)), verj* much enlarged, as in //•i)i*(fig. 260); and in 
other eases they are capitate (fig. 256),i?o&<'<f (fig. 'KSl),peltate, radiate 
(fig. 2Q2),fliform (fig. 203), linear (fig. 264), &c. In Legmaiuoscc the 
stigmatic suiface of the simple stylo is lateral (fig. 265). 

The orifice of stigmas leading to the canal of the stvle is more or 
less filled by the glandular and capillary proceases wUr'h clothe tlodr 
surfaces; and, indeed, to the naked eye, ue cuial of the style does not 
appear permeable. * 
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231. The pisHU of Gymaospermous plants consist of scales or 

• I'i?. 200. 



Fig. 2rt3. Flowi^r of Liiru/n. with filiform wtigmai*. 

Fig. 2fi4. Linear stigmiw of Comj^ojtite plml, with papillosi* supfAoe*. 
Pig. 2t55, Orary of with i/tfeni/ stigma. 

Fig. 266. Open enn^el of with two nakt‘d ontles. 


open earpfh, collected into eonea, hearing exposed ovules, so that no 
representative of the stylar or sti.!»ni!itie regions exists 
here. Among the Comferro, PinuK and its allies have 2''7. 
scale-like carpels with a pair of ovules on the upper sur¬ 
face, at the base .(fig. the structure is analogous, 

although the form of the scale differs, in Thuja-, the 
Cypress has peltate scales, with numerous ovules; in 
Juntperus each of the three scales has only one (2f!7). 

In Ta:cue the ovule is a solitary strticture, a kind of free tooikt f. mni.- 

ovule, growing out from the apex of a small cone formed 

of barren scales. In the Cycadacem, Cticas has largo i 

leaf-like carpels, with numerous marginal ovules; Znmia 

has peltate scales, more like Cupremut, with the ovules o^uln. 

pendent from the thickeneefsummit. 

By some authors what is above described os a naked ovule is thought 
to be an ovary. ^ 



Sect. 10. Pkoducts of thf. EssFjmAi, Oroaxs of Fiowbbs. 

Ovule, 

232. Ovules are the rudiments of secfls, and arise from the placen¬ 
tas, situated in the ovaries of Angiosponnous plants (figs. 2.5.3-258), 
and on the margins or surface of the open carpels of Oymnospermia 
(fig*. 266,267). They originate os cellular papiUm at an early stage 
of development of the ovary, and acquire a definite form and struoturo 
by the time the flower expands. 
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Ovules (ire usually regarded as a kind of bud; not only do they appear 
in the positions occupied by adventitious buds, on vegetative leaves, as 
in Bn/ophyUuyn (§ lOU), but abnormal leaf-like carpels often bear bulb- 
like structures and foliaceous lobes, in place of the ovules, on their free* 
abortive-placental margins. 

2113. The number of ovules in au ovary, or in onp cell of a (5om- 
pound ovary, varies between wide limits. Thus the ovule is solitary 
in the simple ovaries of Ranunenlns, Rosa. Prunus (lig. 245), &c., in 
the compound ovaries of PolygonacetB dfc., and in each cell of the 
bilocular ovaries of the Umbellifenc &c.; the number is still small 
.md (hjinite in the simple pistils of many Leguminosac, in the cells of 
the compound ovary of Quercus &c.; in a very large proportion of 
compound ovurios, whether unilocular or raultilocular, the ovules are 
very numerous on each placental surface, and they' arc termed imle- 
Jinitc, a.s in I’l'hunht, l‘<ij>avcr, Diijitalis, &c. &C. 

234. A fully developed ovule is usually attached to the placenta 
by a short stalk, called \\\o fmwulm, jiodospena, or urnhiUcal coni; 
where tliis stalk docs not e.vi.st, the ovule is sessile ; in a few cases 
the fnnicnliis is very much elongatial (Plumbaginacea'). 

235. Special term.s are luscd to indicate the [wsition occupied by 
ovules in the ovary, and more particularly their direction. If the' 
jdacenta is at the base of the ovary, and the ovule, springing from 
that situation, points upward, as in Polygouacem and Compositse, it 
is calk’d enct; if it i.s attached at tlio summit, and hangs straight 
down, as in the Birch, Dipsacca?, &e., it is sttspouM; when the 
placenta is central or iwrietal, the ovule may turn upwards and be 
asecmlinij, may point straight outwards or inwards, and be horizontal, 
or may turn downwards, and he petvltilotis. In Plumbaginacea; the 
ovule is su.s]>cndi‘d from the end of a long funiculus which arises 
from the ba.se of the ovary as in the erect condition. 

Wheri' numerous ovules exist on a Central placenta, it Ls very common 
to find the upper ones luseeuding, tho middle horizoutal, and the lower 
pendulous, .so tliat the dirt'ctiun.becoiues indefinite. 

23(5. Tho ovule ari.ses from tho placenta as a conical papilla, which 
soon becomes elongated into an oval body, tkp nucletis, raised on the 
stalk or fanicuhis. By the time the flower opens, the mu'leus 
(figs. 268-270, «) generally Iwcoraiw coxerci up by the coats or enve¬ 
lopes, which originate as circular ridges from tlws point where the 
funiculus is attached, and gradually, grow up over the "nucleus. 
The coats do not completely close in the ovule, but leave an opening 
at dts summit, called the micropiih, or'foranun (figs. 26S-270, h), 
Tho base of tho nucleus, whore the coats arise, is called the chalaza ; 
the internal coat (the secxtneline of Mirbcl) is the first formed; it is 
denominated the inUyummium intemwH, or the feyuun; where only 
one coat e-xists, it is called the {fitsyumefUum stnyaUx. The outer 
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coat, which grows up after the inner (the^JriW^e of Mirbel), is 
called the inteijimentuni externum, or Bometimes the testa, Home- 

Fig. 268. Fig. 260. Fig. 270. 



J, mpht*. 

Fiff. 2^. An ntroitous or artholr^>]H>ns ‘»vulf. 

Pig. 269. An ftDatri>poua ovuU*. Fig* •*!>. A ovulo. 

times, as in WtlwitscJiia, the priminc is prolonged heyoiul the .apex 
of the ovule in the form of a tube greatly re.«enibling a style. The 
orifice named the microptfle forms a canal pa.ssing through both coat.s 
down to the point of the nucleus; and the portimus passing through 
tlie outer and inner integuments are often called, respectively, the 
exo^ome and entlosfonie. The point where the seed afterwards 
breaks away from the funiculus i.s marked by a scar, which is called 
the htlum. 

In the Mistletoe the nucleus is naked, no coats being formed: in many 
cases there is only one co.at; most ovules of Monocntvled<ins have two. 

, The coats of the ovule aro usually regarded as foliar in their nature, the 
nucleus as SAial. 

237. The above Ls a description of the otoile of what may be called 
the normal form, such as wo find in Pol>/;/onum, &e.: where the 
nucleus is straight and the microptjle is at the end opposite thC' 
attachment of the funiculus, and the clwJaza next the placenta, 
such an ovule is called straight, or more technically atropous or 
orthotropom (fig. 268). 

2:58. Very frequently thecrows, in a stab’of confluence 
with the outer integunv’nt, during the development of the ovule, so as 
to push up the base of the nucleus until it is completely inverU’d 
(fig. 269), and the micropyle (h) points to the placenta, while the 
chalaza (c) is at the opposite end; this is the inverte d or an/ilropi'nts 
condition (Compositae, Papavaraccoo, Liliac!oa,',Tlrchid8ccii?, &c. «c.); 
and as the funiculus is confluent with the outer coat, the hilum (the 
external point of junction of the/un/cM/iwwith tbo body of the ovule) 
is left in its original position, and therefore elo.so beside the invertcfl 
micropyle: the adherent portion of the funicidus often funtu a kind 
of rid^ extending from the hiltun to the chalaza; this is termed the 
wpfte (fig. 269, * 
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The inverted ovule ia only a straight ovule with a long funiculus con¬ 
fluent with the dhter coat; in Fumana (Cistacese) the real condition 
often actually illustrates this; and in seeds formed from anatropous ovules 
the raphe sometimes separates {^ZtfyophyUum). The position of the raph9 
with reference to the ovule vanes in different cases; sometimes it is ten- 
tnil or on the side of the ovule nearest to the placenta, sometimes dorsal, 
at other times lateral. 

239. A curved or camsyl otropou s ovule (fig. 270) is formed by 
the folding over of tlie iiuoleus upon itself iu the form of the letter U, 
currying the microptjU (h) over, but leaving the chalaza in its natural 
vicinity to the hilum. Externally this ovule resembles the anatro¬ 
pous, except that there is no raphe. (Cruciferaj, Caryophyllacese, &c.). 

240. Another condition more rarely met with is the horizonttd. or 

oY'ile, intermediate between straight and inverted, the 
adherent funiculus pushing up the chalaza at one end, while the 
inicropylc descends in a i,'orres])onding degree, until the axis of the 
ovule becomes horizontal, and parallel with instead df at right angles 
to the placenta. 

In the first instance all ovules are straight, but mostly become curved 
during the course of their development. 

241. At the time when the flower expands, there exists a more or 
le.ss considerable sac or cavity excavated in the substance of the 
nucleus, the tipper end of which sac is situated just within the apex. 
This cavity is called the emhnjo-Mc, being really a sac or bag with 
a proper wall, within which the embryo or rudiment of the future 
plant is developed after fecundation. 

jtln'noraenn of fecundation and of the early development of the 
embryo, together with the mimitia) of the anatomy of ovules,,Jere reserved 
for tlie Physiological part of tliis work. 

The further morttliological peculiarities of the ovular structures will 
fall best under the head of the seed or completed product, previottsly to 
examining which we nmst follow out the ultimate history of the pistils 
and associated organs forming the /htii, in which the ripe seeds sue found. 

The Fruit. 

242. The fertilization of the ovules usunlk' takes place soon after 
the opening of the flowers, or stimetiracs even bi'foro their expansion. 
Dtiriiig the subsctjuent Chan^ by which the ovules are converted 
into seeds, the ovary (and (wasionaUy other p&rts of the flower) 
undergoes further development, an# becomes what is technically 
cidled thc/ntif. 

Ocncrally the stamens and corolla, and not uncommonly the calyx also, 
fall awav or wither up after fertilization, and the sfylee, vnth the stigmas, 
mostly disappear; but the stylo sometimes persists, and even undergoes 
cnlor^ment, forming a kind of Hak or foilto the fruit, especially in simple 
fruits formed of one carpel GemaUt, &mm, Bg' 235), so. 
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The calyx, when inferior, remains in many cases as a loose cup or enve¬ 
lope surrounding tie fruit (as in Labiatte, many Solanacese, fig. 201, &c.); 
or, when mperior, its segments, enlarged or withered, form a kind of crowm 
to the fruit (Compositie, Cnmpanulacem, &e.), and the tulies of ndlierent 
calvces always enter into the corapositiou of the inferior fruits (figs. 2(H)- 
303).' In some cases the calyx and the corolla, in other cases tlio 
receptacle, become blended witi the ovafv or ovaries to form the fruit; 
and a still more complex kind of fruit is formed by all the flowei-s of an 
inflorescence becoming conjoined into a common structure during the 
ripening of the seed, st) as to form a collective fruit, such as occurs in (ho 
Pine-apple (fig. 307), Mulbeny (fig. 300), Bread-fruit, the Fig (fig. (JOrj), 
cones 01 Firs, &c. 

Considered os developments of the carpels alone, many fruits in their 
mature condition depart widely in appearance from the ovaries from 
which they are produced, tlie morphology of fruits exhibiting perlmp.s 
more lemmkable cases of actual metamorphosis tlian any other parks of 
plants. Hence it is often difficult to judge from a fruit what Kind of 
pistil the flower has possessed, and the structure of fruity can only bo 
understood by a study of their progi-essive development from the imma¬ 
ture to the mature condition. 

The most important source of change is the siipprc.ssion of chambei's nr 
loculi of the ovary, together with the abortion of ovules. Thus tht' flower 
of the Hrch has a two-celled ovarj' with one ovule in each cell; but one 
cell with its ovule is constantly abortive and almost entirely disappears in 
the fruit In the female flower of the Oak tlu're are three cells, each witli 
two ovules (fig. 271); but only one cell is found in the ripe fruit, and thi.s 
is filled by one solitary remaining .seed, as W)’ find in the .\corn. In tlie 
Lime there are several cells in the ovary, but generally all but one are obli¬ 
terated in the fruit (fl^. 272); and similar ca-ses are by no means uncommon. 
lit these cases the dissepiments, called in the fruit »rptri, are not broken 
down, but pushed to one side and obliterated by the pressure exerci.sed by 
the developed seed. 

On the other hand »puriow> partitions are sometimes formed, as in 
Datura Stramonium, whicli has a four-celled fruit dsirived from a two- 
celled ovary; and in the pods of Leguminosje cross partitions are often 
produced between the seeas. 

The original conditions are frequently still further disfigured by the 
alterations in the texture of the coverings of the fruit, next to be descriiied. 


Fig. 274. 


Fig. 272. 
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243. The “ wall ” of the fruit is the substance formed from the 
carpels, or (when present) from the other component structures 
(§ 242). It constitutes the case enclosing the ripo seed or seeds^ 
and is called \\io perimxp. The pericarp is of very different structure 
in dilfcrent fruits. When the fruit is mature, it may be dry, mem- 
hranous, leathery (coriaceous), or woody, or succulent; or succulent 
externally and woody within, or, vice versa, succulent internally and 
woody or leathery outside. 

I’lie pods of common Peas, the- capsules of Pinks, Poppies, &c., afford 
examples of a dry membranous pericarp; the Flags have a leathery peri- 
cni-p; tlie common Hazel-nut, .Vcom, capsules of tlie Mahogany-tree, &c, 
have a woody pericarp. The pericarps of the ftrape and the Gooseberry 
are mccideMt. The Plum, Cherry, &c. are succident externally and woody 
witliin; the Orange, the Pome^anati?, the Pumpkin, &e. are succulent 
within and leathery or homy outside. 

244. When the^^ericorp is uniformly membranous or woody, with¬ 

out distinction of layers, no subdivisional term.s arc applieid to it. 
The .same hold.s good in respect to the simple sweru/c/it pcn'cAiy of 
such fruits ns the Grajie and Gooseberry. When there is a distinction 
in(o layers, fonned by a gradual .alteration of the texture of the inner 
and outer pnrt.s during maturation, we distinguish between an ejn- 
carp and an endocarj*, as, for example, in the Plum, Cherry, W'alnut, 
&c., vilierclTieWis'a succulent epicarp, and a woody endocarp forming 
the “stone;” the.“core” of the Apple i.s a membranous endocarp. 
When a fruit, .such as the Orange, Pomegranate, Litchi, itc., is firm 
externally, with a leather}' or woody epicarp, and a succulent endo¬ 
carp, the latter is generally derived from development from the pbi- 
cental regions. In common “ stone-fruit.s” the two regions are often 
distinguished by the names sarcocarp (or pulp) and In 

the Date (fig. 2.‘'0) the “stone” eonsi.sts of the albuminous seed, 
which is invested by a succulent pericar]). In other Palms, such ns 
Areca, the pericarp is fibrous. In hard-rinded succulent fruits we 
have an internal sarcocarp enclosed by a cort<,v or rind. 

Many authors, following Dt'Caadollf, divide the pericarp into epicarp, 
tneeocarp, and eiuiocarp. It may be ohserteii here that the distinction 
between endocarp and epicarp, in the Common iVone-fTuits, arises entirely 
during tlie ripening of the fruit t the two regions are originally alike and 
iindistiiiguisliablo; it is well known that the easy se^iaration of the pulp 
from the atone is a sign of ripeness. . 

245. Some fruits, more particulgrly the stieculent kinds, but dso 
many dry fruits, do not burst to dischdfge their seed or seeds when 
rijx!; these are culled indehUcent fruite. The pericarp rots away, or 
is broken irregularly or perforated when the 8«>d germinates. Most 
dry fruits, more particularly those formed of more than one carpel, 
hurst, open or separate into pieces in a regular manner when mature, 
and are consequently dehtaemU * 
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246. Dehiscence takes place generally by the separation or splitting 
of the sutures of the carpels in a vertical direction, or by the disunion 
of coherent carpels, or by both together. The parts which separate 
fn this way are called valves-, and this mode of bursting is termed 
sutural or valvular dehiscence. Sometimes the valves only separate 
for a certain distance from the summit, forming little segments or 
teeth (fig. 273). In a few cases the dohiscojico is porous, or by 


Fig- 273. Fig. 274. Fig. 276. 



Fiif. 273. BoTst of 0*raWiHm. 

Fij(, 274. Capimlo of o^wning bv oircnmsciasile dehlscpncv. 

Fig. 275. Burst fruit of (Star AnUe). 


pores or orifices formed in the walls; in others the upper end of 
the fruit falls off like a lid, by tramverse or cireimscissile dehiiu-tnce 
(fig. 274). 

247. When the dehiscence is valvular the fruit is named hi-, tri-, 
multivalvular according to the number of valves or piccc.s into which 
it,splits. This mode of dehiscence is subject to several inodification.s, 
according as the splitting takes place through the dorsal or through 
the ventral suture, or through both at the same time. It is still 
further complicated by the circumstance that the placenhis sometime.s 
remain attached to the valves, while at other times they break away 
from the valves, as in the condition called septljr^al. 

A few examples may be here given of the various mtxlee in which 
valvular dehiscence is effected; and the student will find the subject far 
mote readily intelligible if he refer to some collection of seed-vessels where 
the fruits are correctly named. In the cose of simple or of a/iocarjvnu 
fruits, vahmlar dehiscence takes place:—o, through the ventral .siitim*, as 
in the Columbine (AquUet/ia), the Star .\nise (/KiWtwn, fig, 2715): or. (3, 
through the dorsal suture, as in MarfnoHa: or, y, through both sutures at 
the same time, as in»the pod of the pea and other r^guminoiis plants ( fig, 
282), In this latter case there ye two valves, but only a single carpfd. 

In one-celled spnearpom fruits, where the comp<mi'nt carpels cohere bv 
their edges which are not infolded, dehiscence takes placea, through tli'e 
ventnd sutnxes, when the placentas are found on the margins of the valves, 
as in Gentians, each valve in this case representing a carpel; 0, through 
the domal sutnies, when the placentas will be found in tho mid^e of the 
valves, «s in the Violet ( Viola). In such fruits each valve consists of two 
ha}f''««tpels eomhised tc^ether. In the Qrehidaeee the ca pailft d eh isc e 
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in tho manner last described, with this further peculiarity—that the valves, 
bearin)^ the placentas in the middle, separate from the midribs or doml 
sutures, leaving theso'latter attached together at the top, and thus forming 
an open framework supporting the remains of tlie perianth. • 

In many-relled syncnrpmu fruits, where the sides and margins of the 
component carpels are infolded, dehiscence taken place:—a, tMidictdall}/ . ^ 
throujrh the dorsal suture, so as to open the loculus or cavity of the car^l 
from behind ; each valve in this cose represents two half carpels (figs. 277, 
278) ; or, fS, septicidaU i/, through the septa,^Su ns to isolate the previously Ji 



Fii;. ate. Ri)'!' fruit of Omnium, thp lailctl •r|>ar«tins from Itic osrpoi'how. 

Fit;. Ruriit nipmili’ of Iri», Kith Inculiddsl cli'tu»i.<vnv<* and septiridal aviwratian of the 
pUi'cnUia at thr fititun'a. 

Pig. 27S. Tho Muiic. in ltom w'ction. 


comhiuetl carjtel.s (fig. 270). Each valve in thi.s case repreaSafe ad^ntke 
caqui. In .■‘ome in.'.taiices, a» in UtnMlif(r<r, lh>d.stmw, fraiuim,&c., the 
caqiel.s merely sepanite in thi.s manner, one from the other, without openiug. 
In such a case the teriii »chiz<jf arp is employed to designate the whole 
fruit, witile it.s con.stituent carpels are calh-A cocci, or sometimes mericarja. 
More fri'nuently the carpels not only .separate septieidally from their 
fellow.s, but each one burst.", either thnutgn the dorsal suture, as in Gera¬ 
nium (tig. 270), or through the ventral suture, as in Colchkwn. 

Thus septicidal and loculicidal dehi.«cencc mav ocettr in the same fhiit, 
as in the Eoxglove (ihytfa/ts), the capsule of whieb first ditides into its con¬ 
stituent carpels septieidally, and afterwards each carpi'! spUts loculicidnlly 
into two valves; the four valves so pnviuced rejln'.<ent each a half-carpel. 

Both the. loculicidal and septicidal niiales of dehiscence are sometimes 
associated with what is termed sepfi/Vnyi// dehiscence. Tliis occurs when v 
the repta or partitions bearing the placenTa.s are brolfen across; the e^ect 
of tins is that the valves break sway faiui the plact'ntas, leaving part or 
the whole of tl»e latter standing in the centre of the fruit on a Kind of 
column, as in Andromnla, Conrt)lrfdu», lihododendroti, &C. Sejptifragal 
dfMnvence takes placo by itself itt the silique* or pods of Cnicifene,'where 
tho valves separate from* the parietal placeutKa, leaving them in the cendn 
supporting the ovules (figs. & 2U;i). 

248.2)cAMMn«s&y (estAgnlydidbifromthatbyTalTeamthosmalleir 
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degree of separation. The fruits or seed-vessels of Caryophylltu'etc 
dehisce by teeth. Soraetiraes the teeth are eqiyil in number to the 
.caipeJs, as when the dehiscence is through the ventral sutures only 
(Lyclinis); .sometimes double tho number of the carpels, when the 
splitting takes place through both sutures (DiantJnts). 

249. Porous dehiscence arises from tho formation of oritiees in 
tho walls of a dry capsule, allowing the seeds to escape. lu the 
Poppy (Papaver) a circle of pores is formed round the upper edge of 
tho fniit, just beneath the stigma; in Antin-Jihiuni and Linariu there 
are two or three orifices near tho summit of the capsule; in some 
Campanulas a pore is formed at the base of each cell. 

In all these eases tlie orifices are fornieil from thin sjmts In tho walls, 
which tear open, their edges curling back in more or less regular teeth : 
the dehiscence of .dHtirr/iiwHjn is connected by that of Sfrophiiloriii, Diyi- 
tail's, &c., with tho dehiscence into a crown of teeth as in Primula and 
CaryophyUace®. 

250. Transverse, or drcHniscissiledehiseeiice,ohsct'‘’c<\ in the mem¬ 
branous capsules of IJi/osci/nmiis (fig. 291), Aiuie/allis (fig. 274), 
PUintatjo, Jtc., and in the woody fruits of fj’ciilhis, nri.ses from a 
trausverse fissure ninniug round the wall and splitting olf the upjKT 
part of tho fruit like a lid. 

A dehiscenco analogous to this occurs in the lomentu of various 
Leguminosm, which bretik across between tho seeds. 

In these casear a kind of articulation is produced, by the ti.osue of the 
pericarp remaining more dedicate in the line of deh'i.«ceiTCo, so tliat it 
Dscomes tom bv the hygromefric contraction or expansion of the firmer 
parts above and below, after the fruit has become niaturt*. 

251. The apex of dry fruits is marked by the position of tho style 
itself when j)ersLstorit (fig. 2*^5 <>), or by a .scar indicating the place of 
separation. The axis of a comiwund fruit is commonly an imaginaiy 
line; but in rmbellifera> (fig. .‘l9l) and Oeraniaceiu (fig. 270) the 
carpophore forms a true axis, from which the carjXils separate in 
dehiscenco. 

252. Dehiscence does not usually take pdacc until the seeds ore 
ripe; bnt in MignonetUi the upper end of the ovurj' ojtens long before; 
in LeontUe thaJictroides the ovary bursts vety early, and the seed 
ripens in a naked condition. In Impaliens and some other plants 
dehiscenco takes jflace suddenly with considerable force, tho valves 
separating and rapidly curliag up. In Flalerium tho jxxlunclo 
separates in a similar sudden way from the rijn* fruit, and the seeds 
are forcibly ejected. 

253. In Gyinnosperms there is of conrse no proper dehiscenco; bnt 
in most oases the carpcUary scales of tho female cones, which arc 
separate to some extent during fertilization, freqacntly close up 
together so as to form an apparently solid body while the seeds are 
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ripening, ns in Pinus, Cuprems, Thuja, &c. The scales open again 
when Ihc seeds orp ripe, and in some cases separate from the axis. 
In Juniperus the scales become succulent, so as to form a berry¬ 
like organ. In Taxus the solitary ovule is dways naked; and during* 
the ripening of the seed a succulent cup-like envelope grows up 
round it. 

254. The forms of perfect fruit are distinguished by technical 
names, and in defining them it is desirable to classify them in some 
way. The elassification which conveys the greatest amount of iS- 
fonnution is that founded primarily on the construction of fruits. 

The inultitudo of names which have been invented, the vague manner 
in which many of these linve beam used, added to the not unfrequent 
polymorphism of fruits within the limits of single Natural Orders, render 
a satisfactory classification of fruits almost impossible without naming 
them all atresli, and defining them according to their mode of develop¬ 
ment n.s well ns their perfect condition; and this, after all, would neces¬ 
sitate a tenninology too cumbrous fur use in Dciicriptive Botany, for which 
the mimes and definitiuns are chletiy required, 

255. Ifmits may bo divided first into/«f or monothalamic fruits, 
formed from single flowers, and nnjltinit fruitg, formed of the blended 
flowers of un inliorescence. The term /lo/yf/iafeimic has been con¬ 
veniently applied to frjiits of thi.s latter kind. 

Fri'e fniits may hi.' divided info:—1. Apucarpuus friilts,v,'hcTf: tho 
constituent caqiels arc separate, fonning (u) simple fruits when tho 
carjiel is solitaiy, (h) muitipk fruits when more than one is found on 
the same reccjitaclo; 2. S>niciirpo»s fruits, formed of compound 
ovaries, and consisting of («) siijurinr fruits when the calyx is five, 
and (l>) inferior fruits whim the tube of the receptacle or of the calyx 
is adherent, 

Coujlucnl fniits require no corresiionding suklivisiou. 

Almost all of the alswe groups no' again divisible into diy and succu¬ 
lent kinds; this diversity is so spwial, occurring between nearly allied 
genera ill the saiiie Natural OrdtTs, that it seems mindvisablc to niake it ' 
a basis for any of the main sectimie. .Miales of dehi.seence and absence of 
dehiscence cliaracterize sukjrdiuHte kinds of diy fruits. 

256. Tho following classifieution is a sli|^htly modified form of 

that established hy Dr. Lindley. In it all or nearly all the forms 
described by various authors arc enumorati'd, but.comjiamtively ffew 
arc in general use. Home of these will be found more ftiUy described 
in subsequent paragraphs* * 
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Ct.W8IFICATrON OP FBUm. 

A. Free or Jfonotkti7a/nie Fruits. 


I. ArocABPors, comj)oso(l of distinct simple carpels. 

* Simple inonocarpoiis fruits (formed from solitary carpels), 
t Pericarp formed from the ovary alone. 

• Pericarp uniform.’ 

One- or few-seeded. 

< Pericarp homy and indchiscent . Ac/umium. 

Pericarp membranous, sometimes 

dehiscent. Utricuhis. 


P' Many-see<led. 

Dehiscent by the ventnd suture . 
Dehiscent by both suture.s . . . 

Indehiseeut or articulated trans¬ 
versely . 

Pericarp of two or more layers. 
EpicBr)) fleshy, endocarp bony 
tt Pericarp formed from the ovaiy and ad¬ 
herent floral enveloi>es. 

Dry, indehiscont. 

Fleshy. 

** Multiple or jiolycarpous fruits, formed of 
an assemblage of distinct carpels, 
t Free. 

Pericarps distinct, dry (acli(rniu) or 

fleshy {((rupes) . 

Pericarjw ultimately more or less cohe¬ 
rent . 

ft Enclosed in a cup-like fleshy reecirtncle. 


Leijumen. 

Loou.ntum. 

Dm pa. 


Dichsiuin, 

ii2yfi(ittrocnrptuin. 


Etrrrio. 

Si/tirarjnuui. 

Vpitarrho'luM. 


U. SyjrcARPors, composed of combined carpels. 

* Superior. , 

t Peri^ip dry. ^ 

t Indchiscent. 

One-cellcd, one-.sceded, pericarp 

adherent to the seed .... CarpopsU. 

One- or many-ccllcd, winged, peri¬ 
carp not adherent to the seed 
or seeds ... *. Samara. 
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Xt Dehiscent. 

a, Separating into indchiscent cocci . 
Sei)arating into dehiscent cocci . 
Separating into two pseudo-fol¬ 
licles . 

®®®® Dehiscence transverse . . . 

® 4 ® * * Dehiscence valvular or porous. 

© riacentas parietal in a two celled 
ovary. 

Linear . 

Short and broad. 

©0 I’laccntas axilo in two- or 
m.'iny-celled ovaries, free 
central or parietal in 1 -celled 

ovaries. 

t+ Pericarp fleshy, indchiscent. 

+ Pericarp uniform.. 

Pericarj) of two or more layers. 

Epicurp coriaceous or woody, endo- 

caqi fleshy. 

Epicarp fleshy, forming a spongy 
rind; cndocarp pulpy. . . . 

•* Inferior. 

t Pericarp dry, 

J Onc-cellcd by stippression, indchiscent, 
within a cupulate involucre . . 

Genuinely one-ccllcd and onc-.secdcd, 

often with n pappus. 

Two- or many-celled. 

Sojwruting into indchiscent cocci. 
Dehiscing by valves or jwres . . 

tt Pericari) Ae.shy, at least within. 

J Pericarp simple, seeds more or less free 

in the pulp. 

++ Peiicarp of two or more layers. , 

® Epieaq) fleshy, eudocaq) parchment- 
like or bony, indchiscent . . 

®® Epicarp fleshy or fibrous, endoenri) • 
bony, dehiscent ,».... 
®®* Epicarp homy or cnistaccous, 
cndocarp fleshy. 

One-eclled, seeds on pulpy parietal 

placcnto-s. 

Many-cclled, seeds with a pulpy 
coat 


Carcerulus. 

Jieg^na. 

Conceptdculum. 
Pyxis. '* 


Sih'qva. 

Silicula. 


Capsuht, 

Nwulanhim. 

Amphisarca. 

II(speridium. 

Ginns. 

Cypsela. 

Cremocnrpivm. 

Diplntajia, 

Bncfa. 

Pomum. 

Trynyt. 


Pfpo. 

BaJavsta. 
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B. Poh/tJtalamic or Conjluent Fruits. 

J. ANCiospEKMotrs, formed of closed ovaries. 

Pericarps of the coiistitueut flowers hard, im¬ 
bedded in the fleshy axis of the infloteseenee. Syconus. 

Pericarps of the constituent flowers succulent 
and confluent with each other and some¬ 
times with the axis of inflorescence . . . Sorosis. 

II. GrsixosPKRMOi’s, formed of optm earpela. 

Constituent carpels sede-like, imbricated in a 


conical group. Strohilus. 

Constituent carpels peltate and forming a 
globular head. Galbuhts. 

The above classification is far from satisfactory: for students’ pur¬ 


poses it is too complicated: and, moreoTcr, in practice the majority of de¬ 
scriptive botanists, finding it next to impossible accurately to classify all 
the varieties of fruit they meet with, content tlieniselvcs with the cra- 
plojinent of a few well-undoretood terms applied more genemlly tlian is 
the case in the foregoing scheme. In the following parngraplis those 
terms which are in most frequent use arc printed in larger type, those not 
in general use are in smaller type. The student witli a ripe fruit before 
him is niainlv concenied with the fruit in its existing condition; an 
arrangement founded on the peculiarities of the transitional stages be¬ 
tween the immature pistil and tiie ripe fruit is npces,sarily einbami.ssing to 
him, since, as a rule, lie has onlv limited means of a.scertnining for himself 
the course of development. Thi-s, however, may to a grt'at e.xtcnt bo 
understood from a mere compari.son of the pistil with the ripe fruit. 


iSimjtle Fruit.'i. 

- 2.57. The i.s a small, flry, indchiscent, ono-set'dod peri¬ 

carp, tipped with the remains of the style, and with the .seed free in 
the interior, except at the point of attachment. 

This fimit is rartdy found .solitary', as in AkhemiUa ; it usually forms 


Fig. 2ci0. 



7Sf. rot to ihow ihci 

Fig. 6«ctioB of the <mine of the e, the perioKrp; jr, the 

Mobr/o rtnbe^dco hi the horar rfbomeo. 

Fig. 2Si« Ctfele of folHcIef of FMifereiWm. 
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part of a multiple fruit, as in lianuneulus, ClemtUit, Geum (fig. 285), 
&c. Acbajuia aro popularlv mistaken for seeds, from wliicJb they may 
bo kzioivn by the styfar beak, and by the seed lying looseinside. 

The term atzhicnium is often applied to the hmves of Umbelliferous’ 
fruits, the cocci of Mallows, the nucules or nuts of Labiataj, &c, (the car- 
cerulo of some authors) (tig. 21)0), aud to the “ cypselio ” of Compositas. 

268. The Utrindus. —This dilTers from the achffinium chiefly in the 
inembranons chamcter of the pericarp, and in dehiscing sometimes by a 
transverse slitit is found in Chenopudium^ Amaranthu, &c. 

261). The Diclemim only ditfors from the utrieulus in having the indu¬ 
rated perianth adherent to the carpel, and forming part of the shell (Jfi- 
rahilis, StdsoUt). < 

200. The Sphderocarjmm resembles the preceding in structure; but the 
complex jzericaip Is fleshy, forming a berry-like body (Ilippophae, JBli- 
tum). For practical purposes this is best classed as a Derry. 

lidl. Tlic Brvpe is a onc-celled fleshy fruit, represented by stone- 
fruits fonned from a single pistil, such as the Cherry, where the 
stouc is formed by the inner part of the pcricarj), and the pulp by the 
outer part. 

In common stnue-fruits the drupe is solitarv j but minute dnijics formed 
on the same plan an* asstuubled together ou tlie receptacle in the otierio of 
the I{iu<plK?rry aud Hlackberry (tig. 2Wj). Tho term drupe is often im¬ 
properly applied to tho compound^ .stone-fruits, like the Cocoa-nut &c.,— 
or to tlio llate, where the stoiie*is formed by the *ed alone, and the 
pulp by the pericarp (lig. 280 (. 

-202. Tho FoUkk is a simple pod, splitting down the ventral suture, 
and iHuring the numerous ovules on its margins. * 

Tbi.‘» rarely occurs solitary, but mostly combined with others in a circle, 
as in.'lywi'/ci/iVj, iVo7ii«,-S<r)M^zer!-i('M7ii(fig.2&l ).&c.; aud they are then often 
coherent at the base, so an to form a transition to the eyncarpium. The 
pair of follicles (t'oncejdacuUi) of Asclepiadaceic have their pkceiitas de¬ 
tached when they del^e, so as to set the seeds free. 

-263. The Lerjvme. Ls a one- or many-seoded simple fruit, osaally 
splitting into two valves, with tho placentas on the margins of the 
ventral suture. 

• 

In most cases the legume is elongated and pod-like (^fip. 282), as in the 
Pea &c.; but sometimes it is curved or even spirally coiled like a snail's 
shell, as iu Medkago (tig. 286), or lobed and kiwtted, b« in Acacia (fig. 284). 
In Astragalus a spurious sutural septum is fonued by projection inward 
of one of the sutures (fig. 262). * 

-204. The Lomentum is a mollification of the legume, cither wholly 
indohiscent, or constricted into joints between the seeds and some¬ 
times falling to pieces in these situations, as iu Omiffioyiu, Desmo- 
ditm, &c. In the lomentum of Cassia (c. g. Cassia fistula) there ate 
many false cross septa. * 
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Multiple Fruits. 


265. The Etcerio is fonnod either of an asscm'blago of achwnia on 
"a dry receptacle {lianuuculas, Qeim, fig. 285), or on an enlarged 


Fig. 282. 




t Fig. ^3. of PeA, burst. 

*Fig» a. Curled legume of J^edieago Moika ; b, of M^^dicago ^rbictUaris* 
Fig. »4.U!4«igQfne of on Acacia. 


pulpy recepfacle, Sjtranrberry {Fraycu-ia), or of a collection of .small 
drupes'on. a dry or spongy receptacle, Blackjierry (Itubus, fig. 286). 



Fig. 1>17 etierio Of Otun^ cat Terttcallj (a) to thow the toUchment of the component 
nchmbia (&). 

3S6. Pblpj etario of Blackbcrrj (Eubfu) cat thomiigihe spongy receptacle 

oorered little drnpea. 

The circle of follides in AnuUegia, Delphimum, kc. nearly approaches 
tins, aa do also the frcdts of Winlerem (luicium, fig. 27-'*). 

2861 Th^ 8 mc 0 !pium js formed by the confluence into a solid mass of 
Uie 'Carpels oi a multiple ovary with ^ slender receptacle {Anmut, May~ 
swSa). 

207. Tlie Cymrrhodum consists of a succulent outer envelope, formed 
(tf aciqHfikftieceptaele (acfiordiBg toj^e, of the tube of the calyi), with 
nmnsimu adwanm liniag.Uie waifs {Mosa, Caiycanihus). 
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Compound Fruits — Superior. 

- 268. Tho Carpojdis is the one-seeded fruit of the Grasses, com¬ 
posed of two, or rarely three carpel.s, which form a dry pericarp in¬ 
separable from the seed. In practice it is hardly recognizable from 
the achcnc, except in the last-mentioned characteristic, 

‘'269. The Samara is a two- or more-celled, few-seeded, dry, in- 
dehiscent fruit, which has a membranous wing or wings developed 


Fitf. 2*7. Double samara of ihe Mnple (A^). Fijf. 2*?. Samara of the Elm ( VImus compeHrig), 


from the pcrienri)—as in deer (fig. 287), CImus (fig. 28r?), and the 
little fruits of tho catkin of the Hirch (fig. 2^9). Practically this 
may be regarded as one or more uchenes with winged pericarps. 


270, The ('arcrritlm is a dry fruit 
formed from a inany-celled oVary, 
the carpels of which separate when 
ripe into indehiscent fbw-seeded 
rorri. Tlie term nrluziKiup is some¬ 
times applied to such a fruit. , 
Thi.s fruit occurs in various mo- 
ditications, in Ma/ra, TrojKCt>lum, 
Bonigiuaceaj (fig.21K)), I,iabiatA;,&c.; 
the cocci are sometime’s called nu- 
o«/<>s, and ore often regarded as 
achenes. 


Fig. 280. ’Fig. 290. 



Fif, 2*9. SamWroid firuit ^ Birch 

'albii). 

Fig. 290* Pt^rsisU'Dt caUwi of « 71oragiPftcroQ» 
^Ant, oitcnrH to show the cAri'crti- 
jQ* fttnued of fviu* inilehinovnt c*r- 
, •rpftmtiug from each other* 


271. Tlie Feijma difTers from the lorcmung chiefly in the cocci being 
individually dehiscent, as id Etipkorhia, Gfranium, &c. > 


In Geranium the cocci remain attached for a time* by .the persistent 
beak-liho segments of the stvle to the suij^uuit of a earpophoTe,-the beaks 
often coiling spirally (fig. 27o). , 

272. The Conceplatndum is formed by a two-celled j manv-a^ed ovorv, 
separating into two dry follicuTdr valve^jSn which ft>e seed# li^ loose. It 
mdy be described as a pair of follicles. Examples "may be met with jn 
Asclepiads. ^ 


-^3. The Ppsris is a one- or •more-celled, many-needed fruit, the 
upper part of which falls off like a lid by circumscissUe dehisoenoe,i 
as in Anagallis (fig. 274), Svoscypr.tui^ (6g. Jjerpthis, ic. It 
differs from tho capsule motel; ifr its tnixwvene ddhis^oe. 
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"" 274. The Sih'ijua. —This is a tvro-vah'ed linear pod, tho valves of 
which separate septifragnlly from a kind of fipme, with a more or 
j less perfect false septum (rejtlum) stretched across it, tho (pariftnf) 
placentas being attached to the frame, as in Sina^is (fig. 292), Cliei- 
ranthus, Matthiola, &<!. 


Fig. 291. Fig. 293. Fig. 292. 



Fig. 391. Prtia of enclosed in tho dry cnlyx. 

Fig. 293. Borst eitiquA of Sinapi», the valres tteparating fcom the satures supporting the 
repinm. 

29^. Bung siliole of TkJatpi. 

Fl^ 291. I&dehiacent fruit of isatU i a* entire; b, & cross section. 

•" 275. The SlUmla (diminuti’vc of tho last) is merely a short and 
broad siliqua, often most expanded in the direction at right angles to 
the rejplum, the valves sometimes winged— Thlaspi (fig. 293), Cap- 
$ella, <&c. 

When the replum is imperfect, it i^ said to be feneetrate if slit; or it 
nmy be destroyed altogether. Some siliqiins and siliculas do not burst 
by valves— Crmnbe, l{a]>hanu», Tedtis (fig. 204), &c. 

" 276. The Capaida includes all the remaining kinds of dry fruits, 
memhranons or woody, formed of one-celled or raany-ccUed compound 
ovaries, which ddiisce more or less completely by regular valves, 
equal in number to or double the carpels (Inn. Oohhkum, Caryo- 
phyllacete, Digitalis, Primula, die.), or by pores (^Antirrhinum, Pa~ 
paver). Its mode of dehiscence may he septicidal, loculicidal, or sep- 
ri&sgal.. (See §247.) 

y 277. The KttcdjMdum, or Uta, is a superior pulpy fmit, the flesh of 
which oontaim several seeds, aftd i^enclpled—merelv by a membrane as 
in the Urape^ where the seeds are loose in the pulp, and Soktnum (fig. 295), 
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Atropu, &c., where the axile placentas persist, and there are two more or 
1 _on.:.: _ 


less distinei cells within the pulp. This is usually 
repirded ns a “ lx!riyr”*(iacc«). 

278. The Am^huarca is a compound many- 
celled superior limit, with a woody or indurated 
shell enclosing an internal pulp (Adamonia, Cre- 
tceitfia). 

270. The UcsjMiridium is a many-celled superior 
indehiscent fnilt, with a spongy or leathery rind, 
and an internal pulp formed from the tis-sue lining 
the loculi, as in the Oran^. This is generally 
descrilxid ns a form of Berry. 


Fig. 295. 



Xuculamtun, Cto, or 
miiH*rior bfiry of Soia- 
nuiit, cut across 


Compound Fruits — Inferior. 

■ 280. The Tryma resembles a drujje, but is inferior; it has a fleshy or 
fibrous epicarp and a bony endcxiarp, and is spuriously one-celled and 
one-seeded by abortion of the remaining cells and ovules. The epicarp 
is fle.shy in the Walnut, and the bony endocarp splits into two valves. 

^2Sl. The Clans i.s a hard, dry, indehiscent fniit, spuriously one- 
celled from suppression, usually one-seeded, seated in a persistcjit 
involucre forming a cupnle. In the Acorn and Hazel-nut there is 
a single ghnid in each cupulc or cup, while in the Beech and Chest¬ 
nut there are several. 

The ovarv of the Oak is .1-eelled, with two ovules in each cell; but 
two cells with their ovules, together with one ovule of tlio fertile cell, 
arc supi»ressed, and the wall of tlie ovarj- is converted into a bony shell, 
completely lilltul by the remaining .seed. The ovniy of the Birch is also 
.‘{-celled, that of the Hazel 2-cellod, that of the Chestnut ll-S-celled: and 
siinilnr suiipri'ssion takes place. The inferior character of the fruit is 
marked, especially in the Chestnut, by the reinains^of the teeth of the 
calyx on the summit. In tlie .Vcoru the gland is naked above, seated in a 
cup; ill the Hazel the leafy cupulo envelope,s it; and in .the Chestnut and 
Ih-ecli the spiny ciipiile encloses .several fruits. 

282. The Vypseta is a oue-seeded indehiscent inferior fruit, developed 


Fig. 2'.)0. 


Fig. 298. 



Fi|;. 296. CfiwrU of SmrnMisni. , R*. 297. Crpselo of WrfsiM. 

Fig. 298. CjtpmU «Uoe4 ttrUoMlr, to ihOw Ui« M«a wittun. 

B 
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■'291. The Strohilm, or Cone, is the characteristic fruit of the 
Gymnospenns, consisting mostly of a conical or ovate mass of imhri- 
■.r cated scales, irith seeds in their axils (or on their borders, Ci/cas), 
each scale being the development of a single carpel, representing a 
female Jloivcr (Pinus). 

292. The Galbuhts is a kind of cone ivith few scales, which have 
their heads thickened and forming the periphery of a somewhat 
globular mass, dry {Ctqyrmitg), or sometimes succulent 

The Seed. 

293. The consequence of the fecundation of the oiuilo is the de¬ 
velopment of an embryo in the embryo-sac (§ 241) ; and dui-ing the 

tnataration of the fruit the ovules are perfected into secdg, the essen- 
|tial character of which is, that tliey are independent rcj)ioductive 
bodies, containing an embryo or rudimentary new plant at tile lime 
vAen they are cast off by the parent (fig. 3U9). 


Fig. 308. 



Fig. 303. 8ec?tion of an tTmhoUif* row.4 flower, Z'ao I'-' iL-j in >ilu, onntaining 

an eiu>>ryo at the ujn»»;r I'nd, in ulburwi n. 

Fig. 309. 8«edof Caalor-oil plant /(. txt"Pr.al v vt-rtio.al ; •i.kilum: 

ft. mieropifle^ with an ariUoeif arouru* : c, ii-aitinjv chalnsnx e, 

tmbryo, with foliaocopjj anil rudicU[fointing tolhi* mu‘rujfyiei 

tperm or alhumen. 

The seed remains attached to the placenta of tlie fruit, until 
mature, by thc/«>i/c«/iM(§ 2.34), from which it ultimately .separates 
by an articulatioft, so that a scar i.s left, called the hilum 230). 

294. The direction and position of the seeds in the cells of the 
£mit, as well as the modes of cun-aturo, indicated externally by (he 
relative positions of the hilum (fig. 309, a), micropyle (b), chnluza (d), 
and raphe (c), are the same as in tlic case of the onilo; and the same 
terms (|§ 237-240) are made use of in describing their peculiarities. 

The face of a seed is the side qr edge turned towards the placenta 
fiiom whioh it urisee. 




THE SEED. 


149 


The direction of seeds mav differ from that of the ovules, by alteration 
ill the shape of the ovarj', aoortioii of ovules, &c. It may be noted that 
anatropous ovules noniially have the raphe next the placenta if ancendmg 
or snupended, so that the raphe indicates the face; but by irregular deve¬ 
lopment of the pericarp this condition may be reversed in the ripe fruit, 
os in linnvnculm. 


295. The seed consists of the proper hody of the seed and its integu¬ 
ments, to which in some ca.scs are added appendages of various kinds. 

The body of the seed is sometimes called *the nucleus, which leads to 
confusion, as it occupii's the same position in reference to its integuments 
as the nucleus of the ovule, but is by no means always identical wth it. 

29(5. The outer coat of the seed, called the testa, completely en¬ 
closes it, marked, however, by the microscopic orifice of the micro- 
jiyle, and by the hilmn, or scar of the funiculus. The testa present 
the greatest possible variety of conditions of texture, from membra¬ 
nous, homy, woody, or bony hardness, on the one hand, to a leathery 
or soft, pulpy coiulilion on the other. The dry forms frequently 
exhibit beautifully regular markings, such ns minute ridges, reticu¬ 
lations (I’oppy, >Silew, &('.), spines {Stella,-in, &c.); or the 
margins are produced into sharp edges or broail wings 
( Jtiyiionla, Pin” -, th;. :51(»); or it beprs a erown of hairs, 
or cDiiia, at one end. as in Ejiildiium, Aselepias, i'C.; or 
it is completely eovered with long hairs, as in the Cotton- \ Jj 
jilant: while in various Polemoniaccac, Lahiatir, &c.(Col- LjtfjB 
hiinia &c.) it is clothed with mieroscopic hairs, which jgUw 
expand cliLstically, and dissolve into a kind of mucilage sar 
when wetted. Sometimes the te.sta is loose, and fonus a ^ 
kind of sac around tlu' body of the .seed, as in Orchida- winced »<-ed 

,, , « • of Pmc. 

ceip. rtf rota, iVC. 

I'lic? Ittnfr iutajtimettf, tlu' tf^nun or ai(lop^eio*a,^ is not generally 
distinguishable; when it is. is usually whitish and delicate. 



. 'Dts t»f the s<'cd to their elements in the 


Fig. tm. 



Fig. •ill. Vt'rtifHil wtnion of An arhapntum of JtanunfvJuji, nhowtne the fc'ed with s mionU 
emhryo in tho alhuinrn. 

Fig. ^^12. SiK'tion of the woii of Typka, showing th«« ulrsight oiijhn'O in tho nxi® of the eiklo- 
or Albumen. 

Fig. 31S. Seolum of th« ourvoems of WHoa^ showing the Abundtnt endoApenn« willl thd 
embryo, 6, $x Ine daw, otttside.* 

Fig. 311. Section ot the tend of with the embiyo esdoeed in the endoiiienD. 
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OTule is a subject of preat complexity, since there appear to be no pules as 
to what regions of the ovule, from the nucleus outward, shall remain dis¬ 
tinguishable or enter into the composition of the coats. The testa is 
commonly formed of the primhte and ftcundine (§ 23()) of the ovule con¬ 
joined. The tegraen seems to originate sometimo.s from the secnndine, 
sometimes from the substance of the nucleus, &c. Small indehi.scent fruits, 
such as the achienia (5 257) of lianunodm or of Labiates, are liable to be 
mistaken for seeds when detached; they are known by the remains of the 
style, and by the complete sijed with its propt;r coat being distinguishable 
on opening the pericarp (fig. 311). 

207. A considerable number of seeds ])osse.ss a coat or apjicndago 
distinct from the proper integument, and produced entirdij durin// 
the development of Ike. seed from the oviiJe —that is to say, after the fer¬ 
tilization of the latter. These additional structures are frequently 
fleshy when mature, as in the Sj)indle-trec, KuimpmuK, Podo- 
j>h>/Uum, &c. The older authors ctilled all the fi)rms by the same 
term, arilh's; recent authors distingui.sh the tru&judllus, which grows 
up over the seed from the funiculus, like the priminc and sccundiue, 
as in Nijmphaa, Pas-sion-flowers, dtc., from the nnV/o'i', which origi¬ 
nates at or near the micropylc. and grows down more or less f)ver tlie 
tc.sta, as in Emnijmus (where it forms a pulpy coat), in Euphurlut, 
Ricinvs (fig. 309), Pohjfjahi, ie. 

The mace of the Xatmeg is an arilln.s, adhering both to the Liliiin and 
jnicropyle. 

The appendages which grow from the raphe, in Chelidunium, A/ianim, 
Viola, &c., are sometimes, called xirophiolcs. 

* 298. Tlio body of the seed is composed either of the endiri/o alone, 
or of the embryo imbedded in a ma.ss of tissue, called the 
perispei‘nt, or albumen (figs. 311-318). Seeds wherein (he embryo 
is immediately invested by the integuments arc commonly culled e.r~ 


Fig. .317. 



S15k Section of the seed of Lyeknist with a penpherifallr ct}rT«*d mhrjo, h, torroiindin^ 
the perfmTm, a. 

F%r 310. Sectiofi of the ceff] of nhcming the embryo tn a ncparate Me at the of the 
endoeperm* which latter ta hollow In the middle. 

S17* SMtion of Iha frost the Coooa>not pAlni« •hawing (he flhroua epical^, th# woody 
endooofp (g) enoloiuig the hollow peritperm, ia which H^e the minatty embryo. 
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albuminous (figs. 319 & 321). Whore an endo^erm exists, they are 
called albnmimuti (figs. 311 (fee.). 

The term albumen, founded upon the functional analogy with the albu¬ 
men, or white of an egg, is very inconvenient, as it has a distinct chemical 
sense, in which it is freijuently used in the chemical questions of-vegetable 
physiology ; and therelore the word perutperin is preferable. 

299. The perispenit varies very much in both quantity and in 
texture—in proportion to the relative magnitude attained by the em¬ 
bryo (figs. 315 & 318), and in consequence of the different mode of 
development of the cellular tissue and its contents in different cases. 

Th(! texture or consistence of the perisperm is termed meahj or 
fitrinaeeons when it maj’ be readily broken down into a starchy 
powder (as in Corn-grains &c.), oil;/ when it is composed of soft 


Fig. ;il8. 

f, Fig. 319. 



Fig. .320. 



Fig.SIS. \crticfll8(‘(+ion(if thosi-i-ft offftWiiKJ: a.hilnm: micropvle; c.raiihe; a.chslBsa; 

e, fmlirvo; jT, piTiniHTtn. 

Fig. fHtnl of n U^an. with the coato rt*moTe4j a, radicle|| 

6'6‘, (xxylwoitfl (o nhow the pininui(\ c). • 

Fig. ii20. Monorotyli'doijofii# einbrj'rw removinl from tht‘ I’crleijH'itn, vertically sliced: At of 
Calht puiuMtris’, B, ./(reita (Oat); Oyrtulicle; cdlyletlon; plumule. 


tissue loaded with fixed oil (as in the Poppy and Cocoa-nut), mud- 
Jai/inous or fleshy w'hen it is tougher .and swells up readily when, 
wetted (as in the Malloy i. Iwmi/ when hard and more or less 
elastic (fis in Coffee, (JuHum, Iris, &c.). 

The perLmemi is u.Mially a uniform mas,* ; but in yj/tnplura, Piperacejo 
(fig. 310), Canna, and sorin' nihcr plants the embryo is contained in an 
inner central couipnrtment or .sac (soiuctimes cjilled the amniotic sac), 
a<) that the jHirispenn is here double; the enclosed portion w some¬ 
times called the oulospen/f, the development of this will be described 
in the Physiological part of this work. 

The uniformity ot tliu_perisp<>rm is also destroyeil in some seeds by a 
jHiculinr lobuJatw condition ot the outSr portion, the sinuosities bemg 
lilhid up and enclosed in an in.^eparable. laver of different-ooloured tissue, 
giving a marbled appeanmee; this, which is 8»;en in the Nutmeg, is called 
a rnf/uj^if ^jerispenn or albumen. In the Cocoa-nut the perisperm ia 
hollow wKep mature, containing the so-called milk (fig. 317). 

300. The embryo, or rudimcn^aiy plant contained in the seed, 
ordinarily possesses, when the seed is mature, all the casential 
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organs of vegetation, namely root, stem, and leaves, although in a 
few cases the leaves are undistinguishable; while in others the era- 
, bryo is a mere eellnlar nodule in the ripe seed, a.s in Orchidoctae and 
Orobanehacooe. 

301. The end of the einbiym pointing to the mieropyle is the 
radicle (figs. 318-321 a) or rudimentary root, forming the lower 
end of the axis which terminates at the other end in the plumule 
(figs. 310-321 f) or riulimentary terminal bud: the rudimentary 
leaves, called cotyledons (figs. 31t>-321 h", b' V), differ in number in the 
two great classes of Angiospermous Flowering plants, since in the 
Dicotyledons there arc two, placed face to face at the upper end of the 
axis, with the plumule between them (fig. 319) ; and in Monocoty¬ 
ledons only one exists (or the rudiment of another on a different 
level), and this is more or less completely rolled round the plumule, 
like the sheath of the leaf in Grasses (fig. 321). 

Fig. 321. Fig. 322. Fig. .323. Fig. .324.' 



Fig. 321. Exalhnininond Monot^ntyletlonoas seed of ToUimogeion^ with the coat rfmoTed: 
radicif*: ft, I'otyhdo'n: c. 

Fig. 322. Embryo of Pinun, from the endoaperm, and the cotyledonary lobei 8**pa» 

*» rat^. 

333. Verti<*iU of the seed of AtrojM Bplteidonna. ^ 

Fig. 324, Vertical sectiorf of the seed of the Hop iJIumHlun). 

The embryos of the Gynmn.sperms are either dicotyledonoin*, a., in Ci/rnt, 
Tajcue, Jitniprnts, ,tc., or really or apparently pott/rotyMnnons, as in I'inus 
(fig. 322), whore it is said that the seeming whorl is formed of two deeply 

ivided cotyledons. 

302. The emhiyo, whether covered only by the coat.s, or imhedded 
in perisperm, exhibits many varieties in the relative [(o.sition of its 
parts : thus it may be atrniyJil (fig. 312), curved, arctuife, or hool-ed 
(fig. 323), tpiraUy coiled (fig. .324), or folded ; in tho last case the 
ra^cle may be folded against the hack of one of the cotyledons ( Incnm- 
bent, fig. 325), or again-st their edges (nrcumb/nt). The cotyledon.s, 
which are usually'of fle.shy texture, and vary much in form, degree of 
expansion, and solidity in different eases, ant o< f asionaliy rolled or 
folded up like leaves in leaf-buds (figs. 320 & .327); and these arc 
described by the terms defined above under the vernation of leaves 
(§113). llicy have sometimes quite & folinceou* character, os in 
Convolvulua, Jtkinua (fig. 318), 4rc. The fleshy kinds occasionally 
cohere very firmly in Dicetyledal^n the mature state; and they are 
sometimes of nnequal size, as in Trapa nataru. 
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In most cases the cotyledons form the greater part of the embryo; 
but sometimes they iiro very small {Burriivjtonia), while in Cuscuta, 

Fig. 




Fig. 327. 



Fit;. V«Tti<’al srotion of the of Kn/nmtm: n, funioulus. 

Fi^'. "C't). l)i<*()t.vh donou» embryo eAlnwieil from « TurnhcHee*!, 

Fi^. oL'T. Di<-<>tyIt (l*>notJs emliryo eitnu-icd from t!i*- seed of the Mnpie (giew*). 


a leatlos.s jiara.site, they an? iindistingnishable. The cotyledons usually 
decay after the genuiuatiou of the seed ; but in irrheitscAw the two 
cotyledons ari' jier.si.steiit, and' form the only leaves of the plant 
throngboiit il.s life. 

The relations of the embryo to the perisperra and integu- 
inent.s aiford some regular conditions, to which six-cial terms are 
ai>i)lied. With regard to the perLsporm, the embryo may be a.rial 
(fig. 312). and then merely with its cotyledons lying against tho 
apex of the i)crispcrin. as in Ctin.r, or completely immersed in it, as 
ill PnlII<I<II 1 HII <; it may be alxtxial or tj:<x<Ui‘ic. when tho layer of peri- 
spenu is thieke.st on one side; or it may he liVii'nxil, and then cithe^ 
htl<-<•<<>. as in the (trasses (tig. 3i;{). or /«i-ij<lif<'ic(il (aUxtrnfn centrahy, 
wlu'n it curves round the perisiierm. ns in Mi<-abilisi, /.i/ehnig(fig. 315), 
&c., or with the iierispenu outside (o/Aioafo /«r<phtr<CH«i'). 

.30-4. The* direction of the'embryo in relation to the micropyle is 
almost always constant., the ru<liele jiuinting to that orifice, which 
indicates llie organic a]>e.x i f the .«eed. • 


ClIAPTEll III. • 

MOliniOI.OGY t)F THE CIlYrTOGAHHA. 

< 

Gkxek.vl Gbsereatioxs. 

:105. The general dLstinctivo characteristics of thi.s division of the 
Vegetable Kingdom are;—1st, tho substitution for flowers of sexual 
organs which, altlKmgh analogous in many resiwcts, are of very 
different st ructure from those of thq Phanerogamia, .and are Iwth in¬ 
conspicuous in relation to tho vogc^^lfvc oi'guns, and very transitory 
in their oxistcnco; 2ndly, tho production, by tho various forms of 
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fruit, of the reproductive bodies called spores, destitute of an embryo 
and often consisting of simple cells, instead of sc/jds like those of the 
^Phaneroganiia. 

SOd. By these characters the whole of the Cryptogainia arc at oiico 
separated from the Phancrogaiiiia,and at the same time allied together. 
The Ciyjjtogamia thenuselves are divisible into two principiil groiii)s, 
characterized by the structure of their vegetative organs and the 
nature of their fructificatv)n. The higher group, composed of the 
Ferns and their allies, the Mosses, &c., are related to the 1‘hune- 
rogainia by the possession of an axis or stem bmiring leaves and roots; 
and their spores are matured in sjK'cial organs, called si)oro-cases or 
Sfioranpes, formed from the foliar organs. The lowin' gronjis present 
no clearly markctl distinctions between root, .stem, and leaves; but 
their vegetative structure presents itself in a vast variety of forms, 
often of indeterminate mode of growth—sometimes imitating a leaf, 
sometimes a stem, and sometimes a root, but always composed of 
simple cellular tissue, and without leaves or leaf-tmds. This struc¬ 
ture is known by the name of a signifying a or !<ii/rr. 

The simplest plants of this class con.sist merely of single cells. In 
other cases the cells are arranged in linear .series, simple or branched, 
or in planes; and thus by stages of gradually increiusing comiilexity 
the higher groups are reached. The reproductive organs have now 
been a.scertained in so many instances to Im, some analogous to the 
male, others to the female organs, that the existence of se.vual re¬ 
production may be regarded as gom;ral throughout the group. The 
spores of tha Thallophyta arc not produced in highly organized caj)- 
sules like those of the .Vngiosporm, hut lobes or parts of thi' thallus 
are more or less moiUfied to form fruits of diverse form, in which the 
spores arc produced in more or leas e3q)oseJ jiareiit cells, or ilwcte, 
from which they are directly discharged when mature. The Thal¬ 
lophyta are likewis* extensively propagated by cells (i/oah/ii/ and 
conidia), which become detached from various points of the thallus ; 
these, however, are analogous to hidheh, and not to seeds or 8|>orcs. 
Many of them arc reproduced by zoo.spores, or cells which l«'come 
detached from the parent plant, swim about in water by means of 
cilia, and ultimately become dcvclojaal into a thallus. In other laises, 
again, reproduction is effected by means of a process termed conjuga- 
>tion, wherein a communication Ixstwcen two cells is established, and 
the contents of the two beconte blended into a singm spore. 

The modifications, both of the vegetative and reproSuctive otgAns of 
tto Cmtogamia, are so numerous and diverse, and so characteristic in 
each clam, that it is most convenient to treat their morphology under the 
separate heads of the classes^ and not of the organs thhmsel ves, as has been 
done with the Phanerogamia; henee further remarks on this subject will 
be found under the head of the sevtral groups, and in the phj'uological 
portion of the work. 
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CHAPTER I. 

ri{INGIPLI':S OF CLASSIFICATION. 

Sect. L Specjks .\yv Gexkea. 

S07. In the study of Vofretahh* Nlorpholog}' wo endeavour to 
diseriniinato the difl'ereiit kinds of oi-frans ]>o.*‘.'ies.‘-od by plant*, to 
refer to tlieir (ipi>ropriat<- type.s the infinite variety of their forms .and 
modifications, and to ascertain the general laws under the regul<ation 
of whicli the diversity of actual ci)ndition.s i.s evolved. In Syste¬ 
matic Botany a different problem is set. It is no longer hi the 
separate jiurts or organs of plant.s that we seek the primary fadls 
upon which to found our generabzatioiis, hut in entire plants possess¬ 
ing peculiar as.semblagcs of inoi-jihological cliaraeters. Our object is, 
in tiic fir.'.t place, to establish analytically our elementary tacts in 
the rigid definition of the di.'tinet kinds of plants : and, in the next 
place, spithetically to gein ••alize thi'm. by gathering the kinds into 
classes, according to essential ngrecinents among themselves, which 
classes then become typs of the Vegetable Kingdom, and illustrations 
of the physiological and moqihologieal laws ruling the existence of 
plants. • 

Just os in morphology the study of the special forms of organs in 
detail must precede the fonnalion of a elenr general c<)jiception of each kind 
of organ, so the study of individual kind.s of plants must precede the for¬ 
mation of cleat ideas rt-spectiiig classes sggn'gates of plant*. Hut, on 
the other hand, as the estnblislunent of luoqiliological principles facilitates 
the discovery of the true signification of organs of unusiud character, the 
establishment of philosophical principles of clas.siiicatiou leads to the re¬ 
cognition, not only of the relations of obscurely characterised kinds of plants, 
but of the relative iroportaoce, in a systematic point of view, of the ditierent 
characters by which the particular kinde of plants are distinguished. 

These considerations indicate the main custinction between what are 
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called Artificial and Natural Classifications. In the former, the only 
object is to arrange or place objects in such order thjjit we may find them 
Readily by some prominent miu'k, in the same manner ns words are aiTnngcd 
alphaMtjcally in a dictionary. In Natural Classification, the object is so 
to combine our materials that the things brought closest together shall 
have the greatest possible agreement; from which it results that a know¬ 
ledge of (ul the peculiarities of one carries with it the knowledge of wiiwt 
of those of its neighbours, and enables us, from the observation of a portion 
of the characters of a given kind, to foresee the rest, or at all events to 
detenniue the limits beyond which it cannot varj-—in the same niiinncr ns 
we conclude from our knowledge of a noun substantive ns to the meaning 
of the derivative verb, with its adjectival participles, &c. 

30S. Systera.atic Botany is founded upon the recognition of tho 
eidstence of distinct hhuh of plants—a notion which of course 
belongs not to science exclusively, but is a part of the common ex¬ 
perience of tho world. But there is n great difTcrciice, practically, 
between the kinds of things accepted in the ordinary affairs of life 
and tho kinds admitted in science, more especially in the Biological 
sciences. The idea of a k'uul, or. a-s it is termed, a spc'cics, in Botany 
ancl Zoology, is a conception which has something peculiar to itself 
as part of these sciences—and is not only rigidly defined, but its 
definition is made to depend upon considerations of the widest 
generality. 

301). \Ve may adopt, from universal experience, the assertion that 
the Vegetable Kingdom consists of plants of a vast variety of forms, 
and, further, that we meet with more or less oonsiderahlo numbers 
of individual jdants possessing similar forms, or undistinguishable 
from one another by any difi'erences except those of si/e, height, and 
tho like. In common language, w<' connect together all such similar 
forms under one name, saying they are nil of one l hi<l: this simple 
abstraction is a rough oxemjditicatiou of tho naturalist's syxv/Vx. But 
science requires that the ideas upon which it builds should bo 
fimJy est.ablLshed and .accurately defined. Now it will bo commonly 
found that the notions of tho distinction of kinds held by ordinary 
persons are totally disficipat both of fixity and generality; and if 
inquired into, they willdiscovered to rest upon arbitrary, and often 
even upon false grounds. Hence the naturalist, admitting tho 
general fact of the c.xi.stence of kinds, seeks for something more 
fixed, more essentuJ, by which to define (he idea, to serve as a guide 
and rule in dbscuro cases, and* as a means of establishing among the 
cultivators of science that agreement upon funn n lental propf^sitions 
which is indispensable to the advancement of knowledge. 

310. We have admitted the common notion of kind, as founded 
on resemblances. There is another fact of daily experience which 
is no less important in reference U> this i)oint; that is, the circuni- 
stnace that plants produced from seeds most commonly resemble in 
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all important rospeots tho parent plant from which the seeds are 
derived, and this through an indefinite number of generations; 
from which it follows that kinds or species of plants are regu- . 
larly reproduced by their seeds. 

Ill 1. According ns \vc attribute greater weight to one or the other of 
these departments of experience, we shall bring forward most pro¬ 
minently one or the other of the two most important of the charae,ters 
by which the idea of a species is defined.. 1st. A species consists of 
all those individuals which agree in all their important characters, 
in the same way as do indinduals of analogous structure, which we 
know to have descended through a number of generations from a 
common stock. 2nd. A s])eeie.s consists of all those individuals 
which have been produced through seed from an original indi^-idual, 
or pair of individuals, of a di.stinct kind; or, to put it less hypo¬ 
thetically, a species includes all the descendants of an indeterminate 
number of progenitors which did not differ from each other in any 
charaetcTs which are constant in their ])rogeny. To these may bo 
added the assertions that individuals of the same .species may be 
cross-fertilized, to the improvement rather than the detriment of tho 
fertility of their seeds, and that they arc affected in a generally 
similar manner by c.vtcrnal agciieic.s. 

It must he vepenti'd here that the whole object of these definitions is 
to make clear and preci.'4' a notion di'rivc'il directly from general expe¬ 
rience, and not meri'lv to set up an imiiginnrv or metaphysical oiuiception 
which i.s not realized in nature. Speeii'S. on this view, actually e.xi.st; 
for every iiulividual ri'presi-nts tlm species to which it is referred, and 
ciiii only ditl'er from the (li’sen])tion applied as characteristic of it in 
po.ss(“ssiiig cm-tain additioiuil, unimportant pi-euliaritie,<, which mav be 
pn.ssed ov(>r when eoiisidiaing this indi\idual in the light of a repre- 
.-ientativi' of its spi>eies. 

IHverslty of ojiinion still ( vl-ts iniong naturalists ns to the origin and 
fixity of species. On tie' oi hand it is assumed that every dislinet 
species has originated in a distinef ert'Htiou of that form, which has bi'cn 
perpetuated, with thi> essmitial ehanieters unchanged, through succeeding 
geiieriitiens. It is ustudly mld.Mi by the saiiifl .school that, as n'gards 
plants, every species has originated from a single prototype, or a pair of 
parents where the plant is di<eeious. * 

It is of soni(4 eon.slderabli' importance whether we suppose the pro- 
totypi'n to have been singly en-atod <ir in num1>ers, since, os has Iwen 
nentel)’observed, the admission a number of simultniieously etx'nted 
profofypt'S gives thi; possibility of eertabi rifriVtiVs, nr n/ees as they arc 
called, being aboriginal, likt> the specie,* itself; while extension of tho 
original creation may also be carried so far as to oontradiot luit only the 
assumption of what aiv railed original centres of ditfusion of spoeit's, 
tho basis of most of tht; generalizations of (Jeograpbical Ilotanv, but akso 
tho hypothesis of the single origin of species in tinit*, which is neces-sary 
to all palicontological argumeuta respecting the relative age of geological 
fonnatioiis. 
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On the other hand, it is contended by some writers that species are not 
all aboriginal; and this notion involves the conclusion that they are not 
absolutely invariable, and the developmental docirine is thus adopt(>d, 

’ often indeed in a moditied fonn, by the supposition of the creation of a 
certain nnmber of prototypes, fnnn wdiich, under the intinenco of vaiying 
extenial agencies, the multiplied forms have, in the course of long ng<?s, 
been evolved,—an assumption less warranted bv experience than the 
assertion of distinct creations. In adopting the hypothesis that species 
are invariable, and that the prototype or prototypes were (^rented at one 
time and in one place, we believe that we accept the view supported by 
the preponderating amount of evidence, which is necessarily scanty on 
both sides. .\nd what appears to tis still uiort! important is the fact 
that we here take up a principle which i.s far more fruitful in conclusions 
leading lo a lucid and consistent view of the creation. 

Mention has been made of moditicntions of individual repre.sentatives 
of species, under the name of J «nV/i>s. We have stated that species are 
distmguislied by their constant characters, but that individuals may 
possess other lulditionul characters of Ic.ss importance, wliich are incon¬ 
stant. Even as in the human species W(‘ tind every individual posse.ssing 
Certain peculiarities, .so i‘ven in almost to the lowest of crtaited heiugs do 
we find what is called an idiosyncra.sy, and individual character, ciiietly 
depending, in the vegetable kingdom, upon the conditions under wliirli they 
have grown up. Wc often find, .seeds from the same parent pnxlueing 
individual plants difiering in the colour, size, and number of their Howers, 
and of their vegetative orgaii.s, acroisling to the conditions of climate and 
soil to which we submit them. A’erv ol'teii, moreover, we tind the.st' dill'er- 
ences di.splayiug themselves under what appear to us identical cnnditioii.s— 
as is particularly the cn.se with manv of the favourite “ ilori.sta’ flowers,” 
such as the Pfhtfgnniitm, EwAmVi, Pinks, .\sters, ,Vc.. which “ sport ” out 
Into numberless varieties when raised from seed under highly artificial 
conditious. The occumuice of such variatlon.s is les.« common, and, when 
it occurs, generally le.ss marked in wild plants; which might naturally be 
expected, from the likelihood of wild plants' TiiHintiiiniiig their footing 
best in a position where the conditions are )mi.st natural to them; but we 
do find remarkable cn.ses of variation in many wild specie.s.as of colour in 
the common Milkwort and the Columbine (Jrjiiitci/ia); Imt most of thosfi 
kinds which exhibit the tendency now and then in a wild state, become 
extremely variable under culture. Some of tlu' variations are dependent 
simply upon modifications of the cell-contents of certain ti.»sues, as in the 
commone.st of all variations, those of colour, and in the not umrommon 
mpearance of white patches and streak.s (“variegation”) on the leaves. 
CWier variations are teratological, and result from the over-stimulation of 
the vegetative sy.stcm, causing the reproductive organs to degenerate (of 
which the ordinary' “ dou’ljliiij^” of flowers by the degradation of their 
stamens into petals is an example)—or, I'l’ce )vr<r/, the application of 
Btiinuli at particular epochs, producing remarkable development of flower 
or fruit. All these variations, more espcrially those involving serious 
teratological changes, tend to disappear. Common variations, of slight 
importance, mostly die out at once in the desciuidants through s<!ed, 
especially if the conditions are varied; serious departures from the typical 
structure (teratolomcal variations) fe^ to barrenness and incapabiuty of 
continmng either the variety or tne species by seed. 
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It is important to note here a fact -which -will be more minutel-y 
examined in another glace, namely, that although the peculiar characters 
of varieties are commonly lost in seeds, the peculiar form is capable of 
indelinite propagation by vegetative multiplication through cuttings &c., 
the special idiosyncrasy being possessed in common throughout all the 
leaf-buds, both while fonning part of the parent and after they have been 
detached from it to form new j)lant«, grafts, &c. 

A certain number of species which vary more or less in a wild state, 
exhibit a remarkable peculiarity under systematic cultivation. strictly 
maintaining a certain set of conditions, varieties originating accidentally 
or through intentional treatment are made to manifest their additional 
peculiarities so strongly, that they transmit the tendency to present 
similar peculiarities to their seeds; and such transmission goes gn for an 
indefinite number of generations, provided the requisite external conditions 
are kept up. In this way arise what arc called itaces, series of individuals 
connected by common characters and by generation, like species; but, 
unlike them, liable to lose, in one or a few generations, under change of 
conditions, part or all of the essential characters by which they are distin- 
g’uished. We have examples of such races in most of our esculent Vege- 
tabh's, especially in the many varieties of form, more or Ic.ss permanent, 
derived from the wild t.'abbage (liroxxi'm itivnirea). 

Tht'se, together with iri/hridf, or the prodiua* of oro,ss-f(>rtiU!!ation 
between individuals of distinct species, will be referred to again among the 
phenomena of the I’hysiology of lleproduction. The determination of the 
limits of .species is greatly obstructed in many ciuie,' by the freq\u‘nt 
oeeummee (d' varieties, and mon? jwrlieiilarly of races—to'whieh hynrids 
add another eoiiiplieation, probably of los.s iiiinortanee than many niodein 
authors .suppo.se. It appears jmibahle tliat tne number of real species is 
far smaller than is usually supposed, nud that many ract's, and a large 
number of frcfcuumtly recurring varieties, hiild a place in our existing lisfs 
of species. 

Ill 2. In the foregoing jciragraidis wc- have onde.avoured to define 
and explain the tiniviTsal idea of speeie.s. or kinds, in its peculiar 
acce])tulion in natural iii.stoi ,- more particularly in Botany. Asp,clM 
inclxihit i(U (he nu/ieh/ieds tJmt mjetc in all (Inir conAmit chu)-ac(<’ri>. 
If distinct species exist, it is eleiir that they, on the other hand, 
must differ in (heir corndml rli.srnclers. But whenever we oxaniine 
a largo assemblage of distim.-t species, wowthall find that certain 
of the.se agree with certain others more closely thnti with the rest; 
so that wo may parcel them out into groups, in each of which 
wc shall find an agreement in a number of common characters, 
by which it is also distingiiishabh! frftm the other groin>s. Gene¬ 
rally speaking, wc shall find that wo can place together a nunilxT 
of' species agreeing closely in the essential jilun of construction of 
their Jhral onjann, while they differ in the forms and duratiim of 
their vegelative organa Ac. (innijis of this kind arc called genera ; 
and the notion of a genus, like tlyit of species, is not only common 
to all departments of human knowledge, but it is also existent 
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in the langv.ai'c of common lifo in its special nntiiral-historv sense, 
only mjuirin" for scientific purposes to ho more strictl}’ defined. 
' In every lan^uas'e wc find ijenfric names applied to plants, such as 
Willow, Rose, Violet, and a hundred others, each of which terms is 
indicative of a group of kinds or species, more or less extensive in 
ditferent cases, corresponding exactly in its logical value to the 
genus of the botanist. 

Some of these groups are characterized bj' very striking peculiarities, 
so that even the genera of vulgiir language coirespond very nearly with 
those of the botanist; but in the generality of cases the popular collective 
names are applied on superficial grounds of resemblance, and include 
widely diverse species. For exam})le, the term Violet is made to bind 
together not merely the common scented and other true \’iolets, but the 
Pame'.s Violet (J/espiris), a plant of the Cablmge family, the Calathinn 
Violet (Genfwiiit rneinimnnn/he). A true and chanicteri.stic Gentian, the 
Pojr's-tooth ^'iolet {F.njthronium Drnt-CiintA, a plant of the Lily family, 
Ac.; while the term Rose is extended from true Ro.ses to Chfi, or Jlnok- 
ro.ses, llhododendrous. Alpine Hoses, Ac. .Still some real genera are 
characterized in a sutRciently marked way for most of their constituent 
species to be recogmized ns such pretty rea<lily, after a very small amount 
of attentive examination, .ns, for example, true Riiae.s, Willow.*, I'ink.*, Ac.; 
and we call such genera, including .specie* of a very marketl similarity, 
“ natural genera ” pnr exeeW-nce. On the other hand, the principle of com¬ 
bination which nrcortl* with the intuitive cln.*.*iHcation in tho.*o imtiinil 
genera leads to the establishnif.mt of other genera wherein the .species 
seem at first sight to differ widely, of which we could not have a oettcr 
example than in the genus Fiiphurhui, where our native specie* art' inemt- 
^iciioua Jii'rb*. whili' the tropics alFord spenes with large spiny t ’actus- 
like trunks, A'c. 

Moreover the carrying nut of thi' same principle lend* in certain ca.aes 
to the generic .separation of specie* which present clo.<c agfeemcnl in 
their general characters, but are ili*tribut.able into a niirnbi'r of groups 
characterized bv very decitleil morphological ilivcr.sitie.s in important 
parts of tlu'ir floral organ*. Thu.s, in the I'mbfllifcrit', the f.’oinposita', the 
Grassos. and some other families, we .separate genevieallv .*jieci('s which 
havea great re.*«'mbl.anco in the majority of ihtdr character*. This hajipens 
especially in what are called my nntural fiiinilirs of plant.*, large n.ssem- 
blage.s of genera evidently connected with each other Iiy tlie pre.st'iiee of 
some, very marked peculiarity, such as the Vmbi.'Ilifernns innore.sconce, 
tile Papilionaceous corolla of the [.egoiminosie, the Capituloii* intlorescence 
of the Composit.'fi, the peculiar .apikelet* in the f Imascs, Ac, On the other 
hand, the “natural genera ”\>rciir mostly where the diameter of the natural 
family is more lax and flexible, ffs in tlie Kannncnliieeio. Rosnce.'c, Ae. 

In the present state of knowledge, it must be ad nitted that a largo 
portion of our generic distinctions are somewhat arbitrary', and that the 

r ics included in some genera a^e together much more clo.sely than 
e combine*! under other generic head,*. -Vt the same time it cannot 
be doubted that some g«n*ira arc really far more oxtensivelv rc<pre.««'nted 
IwiBpecies than others; so that the Inere number of kinil.* included in a 
grant it to to totally neglected in a natural classification; and many recent 



SFEGIER AKO OEKSBA. 


161 


authors have done disservice to science in general by splitting up largo 
natural genera on sligjjt characters for the convenience of systematists. 
It is far more ijistructive to keep together the members of large natural 
gt'uera, like Ftcu.t, Erica, licgonia, &c., than to subdivide them under 
names which disguise their relations; and the convenience of systematists 
may always be siitliciently regarded by the establishment of sections in 
extensive descriptive works, 

.’11 ;i. Genera are groups of species associated on account of agree¬ 
ment in the essential characters of their floral organs; but here, as 
elsewhere in nature, variations from our abstract types must, to a 
certain extent, be admitted. Some undoubtedly natural genera iii- 
elude species witli their floral organs varying in certain particulars 
more than is usual in groups associated under a common type, some¬ 
what as certain specii's admit of a wider raiige of variation th.an 
others. Here, again, jdij'siological characters become of value : and 
as in species we regard the fertility of the seeds produced by un¬ 
limited cross-breeding between the varieties as a proof of these being 
individuals of tlie same species, so with regard to genera it is com¬ 
monly held that a generic connexion between diverse species is 
indicated by the capability of ]>rodneing Jnjhrids by cross-breeding. 
These true hybrids })roduced between distinct sjK'cies of the same 
genus are barren, or can only breed with individuals of one of the 
parent species, which soon idiminatcs the cross, and leads to a eom- 
plcto reversion to that speeif's. 

This physiological test is consonant with morphological evidence. In¬ 
dividuals of the same spt'ciea are capable of indiscriminate fertilization^ 
because they are exacily alike in all esseniinls of structure. In hybrids 
produced between two sjieries of a genus, the parents agree sufficiently in 
structure to allow of their prodiieing a few ffirlil-s.'eds. but the plants 
raised from tiiesc seeds contain two contradietoiy impulses, winch so far 
prevent tlie perfection of their orgatti/.atioii that they remain bnireu. 

1114. [The above remarks '‘U the nature of species were penned 
before the publication of Mr. 1 barwin's work on the ‘ Origin of Species.’ 
It is of course impos.sible to say to what extent, if at all. Professor 
Henfrey’s views on these points e onld have been modified by the pub¬ 
lications of Darwin, Herln’rt Sjx'iicer, Wallace,«nd other advocates of 
what is tenned the hypothe.sis of the derivative origin of .species; hence 
it bii-s been deemed jtreferuble td retain I’rofessor Henfrey’s opinion 
ns above expressed, without addition or modi&ation. It is neverthe¬ 
less desirtible to state .suceinetly the vievv?< now held by n large number 
of naturalists a.s to tho origin and progres8,of the aggregates or fuqtis 
called species. Assuming, then, the existence at this pre.scnt epoch 
of certain aggregates of individual plants which may conveniently bo 
called species, these species are, on tho derivative hypothesis, sup¬ 
posed to have originated from oth<jr preexistent siveoics, and these 
again from others; so that in the beginning, it is surmised, there 
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were but a very few primordial forms, from which all existing 
species have been derived, just as individuals ^may bo traced back 
to a common parent stock. 

Supposing sjKJcies to have originated in this way, the question then 
arises as to what causes have produced the modifications. Where, 
on this hypothesis, there were originally a very few, or perhaps a 
single primordial form, to which all then e.vistiug individuals might 
be referred, there is now an infinite number of forms both in the 
animal and vegetable kingtloms. How have these forms arisen ? To 
this question the answer given by various naturalists has been 
dilferent. 

By some the variations have been attributed to the influence of 
external eonditious ; by Darwin to an innate tendency, producing 
variations of structure, some of which, under given circumstances, 
would be favourable to the progress and development of the individual, 
and others not so. In the battle of life, the stniggle constantly 
going on in animated nature, those variations most advantage-ous to 
the organism in its competition with others would be presen-ed by 
“natural selection,” while other variations of less advantageous 
character would be obliterated or not perpetuated. Heuce the 
victory would bo to the strongest, the weakest would go to the wall, 
and the result would be, in Jlr. Spencer's language, “ the survival of 
the fittest.” It will thus be seen that on this hjqiotlu'sis .speeicjs 
are not considered immutable, and variations, esi)ecially such us 
are advantageous to the organisms, are regarded as the sturting- 
•points of new species. With reference to these points the student 
will do well to bear in mind that these and kiiidre*! speculations are 
not to be treated as dogmas or creeds, but as means to an end, and that 
end the more i)erfect knowledge of the origin and relation of ('xisting 
forms. Any hypothesis or thcorj' which will sen-c to correlate and 
bind together a number of otherwise isolated facts and explain their 
interdependence, is valuable not only for what it effects at the 
time, but as a focus around which other fiu'ts may in future be 
gathered. That hypothcei-s is bestuhioh sen-es to give a rational 
explanation of the l^rge.st number of observed phenomena of the 
greatest importance. Trital by this test, the Darwinian In-poliiesis, 
or, rather, the theory of evolution, has groat advantages, and prc.sonts 
on the whid^ Wfer difficulties and less inconsistencies than the older 
hypothesis^ "‘Upte creation of each sijccies. Particularly does 
thjjp seeiQ Ase of the subject now betore us—the clnssi- 

ficatiwi'i e admission of the principle of filiation and 

gen&Blopb*^ £vc» the natural system of classification a 

clearer claimV,^ of “ nattiral ” than ^it had before, supplies 

the explanation ol frast nunjb^r of phenomena othcrwi.se inexpli- 
caUe, and offen plausible and valid reasons for the existence of facts 
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and processes that ■were previously considered either unintelligible or 
purposeless modificatjons of an asBumed structural type. The portion 
of Mr. Darwin’s hj'])otlie.sis which has perhaps received the least. 
amount of assent has been that relating to natural selection. The 
idea was bused on that artiticial process of selection by means of 
which man has been wiablcd i)rogressivcly to improve and perpetuate 
the different forms of domestic animals and cultivated plants. In the 
latter case the horticulturist is ever on the look-out for variations. 
If he B('es one that suits his purpose, such, for instance, as a form 
producing larger flowers than ordinary, he docs all that he can to per¬ 
petuate that variety by carefully selecting seed from it, at the same 
time that he destroys or neglects other less desirable variations. In 
this manner, after a time, tlie selected variety becomes “ fixed,” and 
a “ race ” is formed. On the Darwinian hypothesis a selective jmocess 
is supposed to occur naturally, similar to that employed by the 
gardener or agriculturist as just explained, such selection or elimina¬ 
tion resulting, as before said, in the survival of the fittest.] 

Sect. 2. XoMF.XCLATrBE. 

.315. Thi; Torniinology of Hot any establishes exact rules for naming 
the parts or organs of jilants, and the difierent characteristics which 
those organs present. Nomenclature deals -with the naming of plants 
themselves as monil)crs or parts of the Vegetable Kingdom ; and it 
furnishes tin* rules for naming the kinds of jihints, and the various 
groups or asscinhlages in which they are associated in our systematic 
ehissifications of kinds. 

Ccumuon and striking plants possessed names before the Science of 
Dotany existed; and tin* earlier botanists adopted those names: but the 
natural result of mimito investigation has been, on the one hand, to prove 
that ditVereiil things were otten coiilbiinded under one name, and, on the 
(liber, to aseertain the cxistem ■> of innltitudes of plants previously itn- 
known, and for which iio names existed. For a long period the wants of 
botanists in this re.speet wt re supplied soiiK'what irregnlarh—either by 
associating characteristic ndjiu tivcs or descriptive sentences with existing 
names, or, where a decided generic distinction was manifest, by the in¬ 
vention of new names, which laid the foundntiJht of a purely technical 
nonienelalnre. 

It has been rt'marked in a preceding .section that^the groundwork of 
the scientific idea of a genus exists in coiiunmi language; and we find that, 
names applied to eolh'ctions of kinds ahoftid in the languages of all raees 
of men wliieh have made any eonsid(>rable progix'ss in intolleetnal culture. 
In most, if not all, languoge.s there is a strong tendency to give tlicfn a 
substantive value, and to s«>p8rat<' the tnehuied sjieci(>s by adjectival qtmli- 
fving names. It is tnie that tluw generic sHbstantive.s must be founded 
in the first instance on thev observation of a simple kind; but, in the im- 
nerfeetion of early observation, the (term is extended by generalisation 
tong before the peculiar characteristics of the included species are clearly 
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discriminated. Hence we find the majority of the plants named in the 
oldest writers, and in the language of common life,ylesignated in the first 
place according to supposed generic characters, *and only secondarily 
according to specific dinerences. 

316. Botanists accept the rule of nomenclature given by common 
language, which makes the generic name the basis of the name of all 
species. In respect to this, then, interference is restricted to the 
clear di.stinction and rigid limitation of groups which are combined 
under generic names. 

317. In respect to species, however, it was long ago found that no 
mere modifieation of the rules of ordinary language would suftice to 
bring the nomenclature of plants irto that definite and simple con¬ 
dition which is one of the primaiy conditions of scientific progress ; 
and the immortal Linnmus, who effeetod such a fruitful revolution in 
descriptive natural history by the establishment of a fixed and rntionsil 
terminology, furnished one of the most valuable instruiuents for the 
promotion of philosophical natural history wluni he propounded the 
now universally adopted scheme of the hinomiiil nornenchiture. De¬ 
parting from the inconvenient and illogical prineij)le that the name of a 
thing should be a'de.scription of it, he carried out the method of abstrao- 
tion from the ijnius to the spcciV.s, and made a single word sen'e the 
purpose of a sign at once of specific value and of specific peculiarity. 

The primary rule in botanical (and zoological) nomenclature is, that 
every spe('ie.i shall have a 2 >art!cular name, vampouwh’l of a sahslanfive 
and an adjective (or sulwtantivo used adjeetively), whereof the former 
indicates the yenus, and the latter the species. 

This rule of naming may he compan^d with the common usage of sur¬ 
names and Christian names, the former indicating the family to which a 
man belotigs, while the latter admits of his Isdng spoken or written ahout 
without the necessity of adverting, except for special purposes, to his [vr- 
sonal peciiharitics or his relationship to the other memls'rs of his family. 

318. These scientific names of plants were originally e.stabli.'.hed 
in Latin, because Latin was the general language of science at the 
time they were introduced, and they v ill ho retained with advantage 
80 long as diversity of Janguage exists, since they ensure to all plants 
and animals names which have universal acceptation, and which, 
like the Arabic numerfils 1, 2, 3, &c,, are equally eomprchcnsible to 
the educated of all natiops. 

• With regard to what are called “vulgar” names of plants, much stress 
is laid by some writers on the desirableness of poss. song a name in the 
ordinary language of each countrv. It scfems U> us that while a r*‘al ad¬ 
vantage exists in ascertaining the scientifie value or synonym of the 
vnlgar names which from long use form a real part of a language, none is 
gained making fresh names, by translating thf? I.atin names or other¬ 
wise, for speci<>« not previously reijognized bv ordinary persons : the use 
of Buch peeudo-vulgar names in poetrj- or other imaginative literature is 
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equally pedantic and inharmonious wdth tliat of Latin terms; and where 
exact ideas are to be communicated, the technical Latin names are less 
equivocal, and jjenerally preferable on the score of brevity and simplicity. ^ 

If all generic names were significant of striking peculiarities, more 
might be said in favour of translated names; but such is not and cannot 
be the case, and hence the slight amount of information possible to be 
conveyed in this way to the uneducated should not weigh at all against 
the enormous inconvenience and confusion which would occur to science 
from the adoption of a complete set of vernacular synonyms for general 
use in each language. Sufficient inconvenience is felt in this respect by 
foreigners, from the favour j^'itli which a pure and idiomatic vernacular 
teriiiiiiology and nomenclature is regarded by German naturalists, to serve 
as a warning to those who would introduce it elsewhere. 

319. The substantive names of genera have been and are still 
formed very' arbitrarily, and without any generally recognized 
principle. 

All those which have been identified as known to the ancients are 
called by their classic names, such as Pninm, Mi/rtun, Qiiercm, Thymus, 
&c., the cdyniology of which is more or lc.s.s obscure in various case.<. A 
very large proportion of modern g<'n('ric nrancs arc fevuidcd upon com¬ 
binations of Latin and, more particularly, Greek words indicating some 
obvious exteniiil peculiaritv, or some property po.s.'essed, or sujiposed to be 
posses.sed, bv the plants; hut the application of this principle baa often 
been carried out without accurate Knowledge, and without happiness in 
selection,.so that many .«iich name.sarc but little characteristic, and would 
often' apply more coiTectly to other geucra. Those, on the contrary, which 
are well chosen atford a certain It.s^istauce to tlic memory : exanipli's of such 
names, founded on structure, occur in:— Lith>sp<rmum, .so called from its 
stonv fruit (or supposed sccdj ; Campmulu, from its hell-shaped corolla; 
tSm/ittnria, i'rom its arrow-shapeil leavi-s,&c.: on qualities, in (Hycyrrhizti 
(Liquorice), fivm it.s sweet rhizome; lluhio (Madder), from vielding 
a red dye ; Lurtiica (Is'tluce), from its milky juice, lic.: or ou aecustomed 
station, as Arenuria, Tlpidi-iidnii't, ,Ve.; others have deri\pd their names 
from supposed medicinal powi. , siieh as I'lilmuiMria, !^rophularia, &c. 

Another large cla^s of generic naiiu's is fouiuied on proper names 
cither of mythological or real personagf*. mon' espe»>ially di.'liiigui.-ilied 
botanists, to whom the genera are dedicated. Liima>us divw largely 
upon classical mythology' and lepuidary liisUirv as a rcadv source of 
diverse iiBiiic.s for the many newly defined genera he had to deal with; 
and the names Iris, Artrmisio, Amaryllis, y(ir('issu.s, \-c. stand oiilslroiigly 
in their euphony from most of fh(K«o foiiiuled on iiiiKlcm iianios; such 
names, however, as Liniimi, lyMin, J>iu<rorea, Mnipialia g-o fur to rt'sciic 
the principle of naming genera after bofajii.sts and their palroiis from tlfe 
opprobrium brought upon it by such ns Ut lnimiu hrria, Sr/iirryvliJiirta, lla- 
zoumowskia, Eschsthillsia, and the like, and will prttlwhly bt> pit>fcm'd by 
nio.st p'rsons even to such “characteristic” names as ricurosrhismatypus, 
Oxystaphyllum, Vachyptrryyium, (Hischraenryon, &C. 

In face of these lost, the p.sciulo-Latin barbarisms Thea, Cufftra, Iiam~ 
busa, which preserve the original native names of plants, become no 
longer uncmitn. 



168 


STSTEMATIC BOTANY. 


320. Specijtc nnmcs nro always cither adjectives, or suhstantives 
used adjectivelii. When they are adjectives, they must of course be 
• made to agree with the substantive ; and it may bo recalled to recol¬ 
lection that in Latin all names of trees arc feminine, whatever may 
be the termination. 

In the majority of cases, the specific names are selected on similar 
grounds to tlu> generic. Attempts are very commonly made to render 
the name characteristic, a ‘proceeding which in many cases affords a 
certain advantage; hut when, on the contrary, it is carrieil out in im¬ 
perfect acquaiutmice with the species of lafge genera, it leads to con¬ 
fusion. Sometimes these names indicate the character of the leaves, ns 
in Tilia yrandi/oti'i and parvifoUa, Mentha ratundifolia ; or the existence 
of a definite number, as in Platantheru bifotia, Paris quadrifalia, &c.; or 
the character of the inflarescence, as liuiomas umMlalus, lirvihus race- 
mosiis, &c. <dr the “ habit ” of a species is indicated by such adjectives 
as major, minor, /msHtas, nantu, gracilis, scanden.s, \c.; or its duration, as 
by iiiinaa, perennis, See .; and in some casiis compari.sons with other plants 
are marked, as in Pnnunrulm aeanififnlius, . leer plafanoide.s, ke. 

Generally sjieak'ing, the colour of flowers is too variable for ap<'cific 
distinctions; nut nevertheless many species ais' named from their usual 
or con.stant colour, as Cfentiami lulea, Lamium album and purpureum, 
Pigitalis purpurea. See. 

Station, f,/;. kind of .soil or place inhabit''d by a plant, is another .source 
of namtts, ns urrensis ('common on ploutrlieil land), agrestis, hnrtenus (on 
cultivated ground geuendlv), pratensis (in meadows sglre.slris or sylret- 
tiem (in woods),/ j/jIms/Ws (m swamps), nqnntiens {m or about water), and 
safiens, a term commonly appli^sl to kinds reirularly cultivated from seed. 
Most of these terms are applied vaguely, and a similar want of accumey 
in the implied idea alfeot.s many of the names founded on the places 
where plants have been tirst observed, stndi as Sileue gal/iea. .Staehijs ger- 
vutniea, (renista angli'a,..Sie., none of wliicli are pecidiar to tliC countries 
named, though they may, in the tirst instance, have been con.sidertid to 
be so. 

Such name.s as odorata, snarenlens, fretida. See., expressing marked 
qualities, were formerly much used; and the aiijective o/fieinalis is found 
applied to a host of plants formerly valued by the herbalists for some sup¬ 
posed medicina. or economical prop-rty. 

Substantive names q,sed ad)ectively ar(> mostly names of aladished 
genera, retained in a.saociation with the new g-neric term. n.s llaniincidus 
Flammula, Pgrm Mntus, Mairiraria Chami milla, 1‘rMnii.s Cerasns, See .,— 
these old generic ..terms being in a few cases iloiible, a-s Adinntum 
^‘■CapUhts-Venerisf Lychnis-''Flos-em-uli," &c. (>r substantive pr<iner 

likmes are n.sed in tho genitivt case, ns Limnoeharis Humbiddlii, Viola 
NtUtallii, (ratiiim Vaillanlii. The dedication to di.stiugoished )H>rsons may, 
however, be effected by arljectivnl terms, a.s Siedii Poniana, Sic., the n.s<< 
of the genitive noun being more .strictly appropriate when it is the name 
of the di.scoverer or first describer of a sp(.‘cies, the tennination anus con¬ 
veying a mere compliment and not nwes.s8rilv implying that the person 
to whose name it ia affixed had anything to ()o with the {lorticular plant 
in qaeation. 



KOMENCLATURE. 


167 


321. If the rules of scientific nomenclature were strictly enforced 
under the direction of a single authority, each plant would have but 
one name (composed of the generic and specific appellations), and , 
this name would be indissolubly and unequivocally connected mth 
the idea of the peculiar species. But it happens practically that 
such i.s not the fact, and this for reasons necessarily affecting various 
cases. Not unfrequently it happens that a plant possesses more than 
one qm-ijic name, which may arise froiu an author naming it a 
second time, through entire ignorance of its having l)een previously 
observed, or from his erroueously supposing a particular form to he 
distinct from the nln'ady known and named speciijs. Almost as 
frequently in the present day do we. find a distinctly recognized 
species denominated by more than ono generic name, while the specific 
appellation remains the same, this ambiguity arising from difference 

■ of opinion ns to the limits of genera, and consequently as to the group 
to which particular species are to b(> referred. 

To ensure accuracy, then-fore, it becomes neee.ssary, whenever 
the name of a plant is mentioned in a scientific work, that the 
av.thoriUj for the name (that is, the author who originated it, or 
whoso pectiliur application of it we adopt) should be indicated. 
This is done by subjoining an abbreviation of his name. Thus, 
lieUis perennh, Linn., or L.; Invla (biit/ra, DC.; Pulicann vulgaris, 
Gaertii., signify that we mean the species which wore defined under 
those names by Linnaius, DeCandolIe, and Gaortner, resjK-ctively. 
In like manner it is requisite, in the majority of oases, where the 
name of a genus is mentioned, to indicate the authority, since man}' 
of the older genera of Linnieus and otheis have been broken up into 
a number of groups, and the original name restricted to one of these 
more limited assemblages. 

322, 'J'hc suiH'tiluous or iuoorreet names which exist in many 
ciises cannot be neglected '' here they have once acquired a certain 
currency, bec.ause a certain amount of existing knowledge is con¬ 
nected with these names in the works of the writers who have usc*d 
them. Hence arises the nece-.^ity -if enumerating the sgnongms of 
plants. 'The citation of synonyms is of ct»irse unnecesstiry in 
general eases, where the names of phmtsare incidentally mentioned, 
80 long as the authority for the name is given ; but in Systematic 
works, such ns Descriptions of the plants of a couhtry or prorince, 
or Mouograplis upon particular grouj^ of plants, it is part of an 
author’s duty to ascertain and indicate all the names which have 
been applied to the particular forms, and the extvet senses in which 
dift’erent names have been cniploj'cd. The sjuionyms subjoined to a 
specific name may indicate :—1, that the same 8i)ccics has received 
diflferent names from different authors; 2, that a 8electe<l s|M;cific 
name includes Uio several supposed or real s()ccies enumerated under 
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it; 3, that the species has been removed from a genus to which it 
was formerly referred ; 4, that a particular view is taken both of the 
, generic and specific value of a plant concerning which opinions have 
varied in both purticulare. 

The following examples may servo to illustrate tliis:— 

1. Tlie name Galium I’t'rum, L., has sim])lo priority, and there¬ 
fore preference over G. /l^tf'^/l«,l,aInarck, indicating the same species, 
which was accidentally or erroneously mimed by the latter author 
ixfUr Liunmus had given it an ajijiellation. 

Agrostii alha, L., includes A. compregsa, Willd., A. (jigantea, 
Eoth, A, stolonifera, L. (in ptirt), &e. ; these latter have been mis¬ 
takenly sejiaruted from it or subsequently named without knowledge 
of the identity. 

3. Ca.<(aneu vulgarh, Ijim., is now substituted for Fagus Cas- 
< iaiifit, L., as the genus Ca.<tnnta is now regarded us distinct from 

Fagus. In many eases we find a distinct generic name given as a 
synonym where it is really more recent, but is rejected in favour of 
tlie older on the ground that the more recent generic separation is 
not approved of; for instance, autumnuli.s, Willd. (Oporinia 

autumnalis, Don). 

4. Catubrosa uipuitiai, Bcauv., is named in diver.se works Aim 
aquutica, L., Moltnia uquutica, M’ibel., i’on auwiles, Koel., Glgatria 
aquatica, Presl, ^kc. 

The multitudinous .synonyms wliieh fall under tlio last cate;rory are 
attributable to the e.vres.sive tendenev of modern writers to multiply genera 
•on slight ground-s. tSueh minor sulsiivi.sions are far better ve-trieted to 
extensive systematic works, on the plan adojued in I)e('und(ille’s •• I’ro- 
dronms,” providing them with wctionnl nnme.s for the exclusive use 
of .systematists, and presert'ing the more general name for common 
purposes. 

323. The varieties of species are noticed in descriptive works 
when of frorjuent occurrence, and then are cither simply indicated 
by the letters of the Greek alphabet, or have an additiotuil adjective 
name like the specie.s, which plan esj(c-cialh- followed in lists of 
garden varieties. In such ca.scs cither the ordinarily oecurriiig form 
is taken as the tyjK^ and tlie series of occasional varieties begun 
with /3, a.s— 

Shmbvcns nigra, L. -, var. fl. leaflets laeiniatcd (Hooker & 

Arnott). 

or, Sambiicus nigra, L. - ft. virrscetut (triiit green). - 

y. levcocarpa (fruit white). -c. Uu inrata (leaflets laci- 

niated). -c. variegata (leaves with white streaks), Koch. 

Or if the sjiccics i.s variable and no one form Ls considered typical, 
the scries begins with a, thus 

Fedia denlaia (Hooker & Aimott). 


a (Valcrianella Manr 
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sonii, DC.). - ft (Feclia mixta, Vahl). - y (Fe- 

dia eno(rarj)n,,R(Em. & Sch.). 

The nomenclature of cultivated plants is fruitful in examples of named 
varieties in large numbers belonging to particular species, such as Clarkia 
pulchella alba, C. pulchelbt ronea, &c. &c .; but these names are often applied 
without scientific exactitude. 

324. Hybrids are named according to certain rules when they occur 
frequently wild or, if obtained artificially,,'a hen they are propagated 
by cuttings, bulbs, &c. The names of the two parent species are com¬ 
bined, thus;— Verbaseum niyro-Lycknitis,a.\iy\m([ between F. nigrum 
and V. Lychnitis. With regard to artificially produced hybrids, it is 
possible to indicate the parentage with more accuracy, and the name 
of the secding-plaut stands before that which yields the poUen, as 
Amaryllis vhtato-regince, the form produced when the ovules of 
A. vittdta iire fertilized by the pollen of A. regiiur, and vice versd.* 
Wicre a plant is known to be of hybrid origin, it is a good plan to 
indicate the fact by prefixing x to the name. 

325. The nomenclature of the groups above genera is of less im¬ 
portance than that of genera and species, and is dealt \vith more 
independently by individual writers. Artificial groups are generally 
named fnim the charactcT on which tliey are founded, as in the 
case of tlie liininuin classes and orders, which will be cxplftined in a 
subsi‘(]uout section. The same is the case with the artificial divisions 
which are used in most Natural Arrangements for oouveniently sub¬ 
dividing large assemblages of Faihilies or Orders, such as Thalami- 
Jlorif &e. of l)c Candolle, J'ohiptldhv Ae. of Ju.^sieu. But as the* 
essence of the Natural AiTaiigement of plants lies in the combination 
of forms according to the majority of points of likeness, or general 
character, vie an; not necessarily restricted by any definite character 
in the selection of the name: and in regard to the Natural Orders, 
great diversity of principle b.'s prevailed in the application of the 
names, and even considerable latitude in the form given to them. 
There exists, however, one rule applied in bH Latin naming of what 
are termed Natural Orders: the word plani<r is understoed, and an 
adjective name agreeing with this represents th^ group. In existing 
systems W’e find these adjective names founded sometimes on a pre¬ 
valent character in the family, as (plantm) Leguminosaj, Conifer®, 
Umbelliferu', Arc.; sometimes on the names of typical genera, as 
Rosace®, Solanacc®, Convolvulnce®; fsontetimes on an existing 
general name derived front common language, as Gramittacero and 
Ralmace®. A dift'erence of tcrminatioit exists even in regard to the 
same word in different authors: thus, one author writes Cistine®, 
another Cistace®, with the same meaning; while others ttsc the word 
Aroide® in preference to Arace®, or ^olm® in preference to I'almace®. 

Attempts have been made to reduce all these names to a system, 
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and to pt(08eive the same form of termination for groups of the same 
value. Thus it is proposed to make the names of all Orders end in 
<■ acem, like Eanunculacese, Ericacese, dec., the only objection to which 
is the necessity of discarding many familiar and well-established 
names, and replacing them by strange ones, os Apiacece for Umbelli- 
ferse, Eabace® for Leguminosse, &c. “ Classes” or “Alliances ” again 
are made alike by using the terminal form -ales : as Glumales, instead 
of Glumacc® or Glumiferoe, for the group composed of the Orders with 
a glumaccouB perianth, i&o. 

326. A fixed rule dees exist among all modem writers in the deno¬ 
mination of suborders or tribes into which Orders are divided; for 
these are founded on typical genera, the names of which are made to 
• furnish adjectives by the substitution of ece for the last vowel and 
whatever may follow it: for example, in the Order of the Kanuncu- 
lacece, we have the tribes Anemonem from Anemone, Jtanunculece from 
Ranunculus, Uellehorece from HeUeborus, &c.; and in botanical works 
these names of tribes are commonly printed in italics like those of 
genera and species, while the names of families and all above them 
are printed in roman letters. 

: ^be names applied to the larger divisions of the Vegetable King¬ 
dom in Natural Arrangements arc generally made as characteristic as 
possible; but, as will be shown in the Section on Matural Arrange¬ 
ments, none of.the single characters of such groups are absolute, 
and therefore no name founded on one character can be universally 
descriptive. Thus the name iTonoootyledones is applied to a most 
^ natural group, in which are, hotVever, ineduded one or more Orders, 
as the Orchidficete, in which the erabrj'o has no cotyledons. And it 
may be said that to an advanced > student it is far more beneficial to 
;^ard all names as abstract signs, used ratlier to indimte certain 
plants^ groups of plants with which he is acijuainted, than ns 
e;pf the characters of the plants to which they are applied. 
li««p jpl^rvations on the nomenclature of the Orders and higher 
ps'di^pants are,',placed here for the sake of connexion with the re¬ 
mainder pAhe subject; but they will be Isitter appriH-iated after acquaint¬ 
ance theJlHustrations of them in succeeding Sections. 

Sect. 3 . DnscBiPTios or Plants. 

' 327. It is the business of every botanist who distinguishes and 
liamoB a new tpecics of plallt to furnish an exact statement of the 
characters by which it may bo recognized by others. 

The most complete folMmcnt of this requisition is supplied in 
what S termed a description of a plant, in which is given a detailed 
aecotmt pf the external form, the arrangement, and relations of all its 
orgsi^ according to a fixed plan, and in a fixed language, famished 
by the terminology made use of in Morphology. 
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In order to impress upon the mind of the student the principal points . 
to be looked to in descnbing a plant, and thus to ensure completeness and 
accuracy of observation, we subjoin a list of the more salient cnaracteristica 
which it is desirable to notice in writing a full description of a plant.* 
Some of those are of much greater importance than others, inasmuch as they 
afford the means of grouping plants into genera^, orders, &c.j and furnish 
what are called diagnostic characters. From their great importance, much 
stress is deservedly laid on them; hence^ after enumerating the principal 
“ characters ” necessary to be ascertained in drawing up a full de^ription, 
we shall insert illustrations of the “ schedules ” introduced with'so much 
success for teaching-purposes by the late Professor Henslow, in which at¬ 
tention is drawn solely to those points of special importance. ■ i- 

It must also be homo in mind that the terms used are such as are in 
general use, and are to be taken in their conventional sense, and not as 
necessarily expresainp; the exact truth: thus, as has already been explained 
under the head of Morphology, when we say that one organ is vmerted 
into another, it would be more correct to say that the one emerged from 
the other; in the same wav many cases of so-called cohesion and adhesion 
are shown, by the study of the progressive development of the flower, to 
be rather cases of imperfect separation than of union of originally distinct 
organs. 

In describing a plant fully, a commencement is made with the root, 
from which we proceed to the stem, leaves, 'tnftorescence, fl.oWei8, and, 
finally, the ripe ^it and seeds. 

In the case of the root the principal points to he looked to are:—^fiiat as 
to its ‘iiiture, whether true or adventitious •, then, in suocesaVon, its/orm, 
direction, size, degree and iiiode of ramification, dnralum, consistence, sur- 
face, coioar, kc. Similar remarks apply to the sfew and its modifleatiohs. 

r-HCc-s Tt'<iuirt‘ tirst tobii noted as to theiijmition, radical, cauline, &c.; 
insertion, stalked or sessile; poss«»s.sion or deficiency of stipules; arran^ 
alti-rnate, opposite, &c.; composition, simple or confpoimd; direction, 
duration, te.iiure, colour, ami surface. The blade of the le(^ must then be 
described tw to its general form, outHne, base, apex, margim, mode of vena¬ 
tion, size' (.especially in i elation to the stalk, if present). The sub^visions of 
a couipouud leiif must be ucateil in ibe saiue luanuer os l^stves. 

The petiole or leaf-stalk he • to be noted as to its form, relative 

size, &c. Stipules, ns fur a.s practicable, .should be deBcribt^j^.k 
manner to the leaves, n.s also should, muiatis nmUandis,leap4indt. 
In their case, as also in the ea.se o{,fi(nrer-hmIs, the mode of cemation, or 
of ccstivaticm, as the case may be^ should 1^ asceig/iined and jeeMDrAed. As 
regards the ittforescence, the principal things to be considM^ are its 
]Hmti<m, direction, relaiirc size os compared with the leaf, nature ^definito 
or indefinite), ni/»i5er qfjtfoMtcrs, ffcrnftbn. 

The ftoioer-stalks follow tne same rule as the leaf-stalks; but particular 
attention should he paid to the top of the flower-stalk (the thalamus) 
to see whether it be nat, convex, or concave. The bracts toe described in 
the same manner as the leaves. In the case of the calgx mi corolla, 
attention should be directed to their eonsiniction (cohesion), reMire posi¬ 
tion (adhesion),/orm, direction,’colour, venation, surface, siae, absolute and 
relative, duratioif, odo^r, &c. 

Individual or petals should iJe described in the same way as the 
leaves. 

12 
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Stamens sliould be described with reference to their inso-lion (adhesion), 
cohesion (free or united), number,position, arrangement, size (with reference 
to ene another and to the other parts of the flower). Filaments present 
similar characters to those ottered by the leaf-stalks, and are described 
accordingly. Anthers requii'e attention as to their,/brjn, mode of attach- 
ment to the filament, shape and number of their lobes, their mode of dehis¬ 
cence, colour, surf dee, the form and peculiarities of the comxective and of 
any appendages that may be present. The form, colour, and di8tiuctne.s8 
or cohesion of the pollen-grains should, if possible, be stated. This is not 
always practicable unless recourse be had to the compound microscope, 
when other peculiarities, then «sible, should be noted,, as will be further 
explained in the section on Physiology. ' 

After the stamens, the characteristics of the disk, if present, should be 
noted, and then those of the pistil as follows;— number of the constituent 
carpels, their isolation or cohesion and arrangenumt, their adhesion and rela¬ 
tive position, form, cavities, partitions, and mode of placentation. The styles 
require to be noted with reference to their position, number, size, (relative 
and absolute'), form, surface, colour, &c. Similar remarks apply to the 
stigma. The Ofuto difter in their position, mode of attachment, number, 
form, &e. The fruit follows the .same rules as the pistil; but, in addition, 
the texture, 7no4e of dehiscence, and number of seeds must be noted. 

Seeds are described much in the same wav as ovules, taking care uot 
to overlobk any of the peculiarities presented by the coverings of the seed 
in tUh way of hairs, scales, arils, and the like: the intt'rior of the seed dlso 
requires .special attention, to see whether or not it be albuminous or e.ralbu- 
tnmoiis; if the former, the nature and quantity of the albumen should be 
noted; and in anycifse, where poasible, fhe form, position, direction, size of 
the embryo and its parts, the nature .and number of the cotyledons, ko. 
should be accurately ascertained. 

"In the above remarks we have had iu view a complete or nearly com¬ 
plete description. The student is recommended to take auv plant he 
meets with, and endeavour to draw up a description of it with reference 
to the foregoing scheme. In this manner ho will familiarize him.self with 
the main points of difference between one plant or organ and another, and 
will learn to apply the appropriate term to each modilication. 

The subjoined description of the common white Dead-Xcttle (Ixtmium 
album) is given as an illustration of a tolerably complete de.scriplion of 
the external peculiarities of a plant; it may serve as a moilel to the 
student in drawing up similar descriptions. It i.s, however, advLaable that 
he . do not attempt too much at once. A bad or carele.s8 description is 
almost worse'than nope at all; hence the beginner i.s recommended to 
make himself pretty thoroughly acquainted with the peculiarities of such 
organs as are most easily studied before pas.sing on to organs such as 
ovwes &c., which require so'me considerable practice bjfore their structure 
and characteristic features can wj a-scertained. 

Lamium album. —A rather coarse hairy perennial,with a shortly creeping 
stock, from the joints of which, especially on the lower surface, proceed at 
intervals numerous slender, flbrous, brownish roots. Stetns 1-2 feet high, 
herbaceous, decumbent or ascending, flstular, four-sided. Leaves exsti- 
pulate, opposite, stalked, the upper ones nearly sessile, membranous, 
hairy, ovate-acute or acuminate, cordate, coarsely and irregularlv toothed, 
unicostate, arch-veined, 2-3 inches long, 1-2 inches broi^ Petiole less 
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than half the length of the blade, channelled on the upper surface, rounded 
beneath. Flowers pure ■white, sessile, in axillary cymose whorls (verti- 
cillastors) of (>-10 or more. Calyx campanukte, of 6 sepals, united below • 
into a(u6e traversed by 10 ribs; limb di-videdabove into five nearly equal, 
spreading, linear, ciliated segments, of which the uppermost stands sligntlv 
apart from the others. Corolla white, tubular, bilabiatq, twice 'the length 
of the calyx; tube curved, ventricose, as long as or longer than the calyx, 
scabrous inside, with a ring of hairs near the base; upper lip erect, concave, 
notched, hairy on the outer .surface; lower lip spreading, 3-lobed, the 
middle lobe broad and 2-lobed, the two lateral ones smaller and pointed. 
Stametis 4, didynnmous, epipetalous; filaments do-wny, springing ftom the 
upper part of the tube of the corolla, partially concealed-within the upper 
lip. Anthers innate, 2-lobed; lobes superposed, oblong, blockish, introrse, 
dehiscing longitudinally; connective covered with -white hairs. Fallen 
yello-wish white. Ovary small, truncate, 4-lobcd, 4-cellud, encircled at 
the base by a pale gi-een, cup-like disk. 0 miles solitary in each cell, ana- 
tropal. Style single, basilar, thread-like, ns long ns the corolla, termi¬ 
nating in a 2-lobed stigma; lobes of the stigma short, oblong, pointed. 
Fruit of four, or fewer by abortion, 1-celled, l-seeded, indehiscent, blackish 
.shining lobes or achenes. Seeds solitary, erect, inverted, exalbuniinous. 
Embryo straight; cotyledons large, plano-convex; radicle short, inferior. 

328. Such dc8cri]>tion.s are now usually given in a modem language 
whhn occurring in works descriptive of the plants of particular coun¬ 
tries &c. In general systemati^^orks, or in isolated notices, pub¬ 
lished in periodicals or Transaefeons, the Latin language is usually 
preferred. 

320. Detailed descriptions are commonly given only where new 
species are established, or when an uncertain nomencl.ature is to bh 
made clear and definite,in a monographic or a general systematic work. 
The classification of jilants into genera, families, &c., in the Natural 
System, renders the repetition of the peculiar marks of these groups 
unnecessarj’ in the characterization of the subordinate groups or forms. 
For this reason, characters and duii/noses commonly replace the com¬ 
plete descriptions of specit's in ordinary descriptive botanical works, 
.since, ns the character of the genus includes those pecuDarities of the 
floral organs which arc common to aU its siiecies, and which con¬ 
stitute the bases of the genus, it is only retfuisite to connect -with 
each species the character by which the species are distin^ished from 
each other. 

• 

The following condensed description of -the -white Dead-Nettle, from 
Bentham's ‘ Handbook of the British Flom,’ will show ho-w, when the cha¬ 
racters of the order and genus are known, a faithful portrait of the species, 
and one compri.siug the inost conspicuous features only, maybe drawn up. 
“ A rather coarse hairy perennial, -with a shortly creeping stock, and decum¬ 
bent or ascending blanching stems, seldom above a foot high. Leaves 
stalked. Coarsely crenatc. Flowers pure white, in close axillary whorls of 
fi-10 or more. Calyx-teeth fine, long, and spreading. Tute of the corolla 
curved upwards, and longer than the calyx, -with an oblique contraction 
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near the base, corresponding with a ring of hairs inside; the upper lip 
long and arched; the lateral lobes of the lower one slightly prominent, 
*wmi a long fine tooth.” Then follows an account of the stdion in which 
the plant is found, and of its geographical distribution throughout this 
couatry and the continent. 

S30. Having gidned a general idea of what points are to bo looked to in 
drawing up a description of a plant, and having acquired a fiuniliarity with 
the meaniug and application of terms, it is particularly desirable that the 
student should be able to form an estimate of the relative value and import- 
aiiee of characters fur practical purposes; for instance, those characters 
which serve to identifv and distinguish large groups of plants are of more 
conseijuence than such peculiarities as pertain merely to small groups, or 
to individual plants. With a view to fix the attention on the more im¬ 
portant or cardinal characters, those which art? of most use in drawing up 
a diagnom of a plant or of a group of plants, a fonii of schedule is given; and 
the pupil is recommended to mnae similar ones for himself, and by their aid 
to draw up an account of the more important characters of any flowers he 
meets with, checking them and comparing them with the descriptions 
given in books, or with the instructions of his tutor. These schedules should 
be kept for comparison with other* relating to other plants; and by this 
method a practical insight into jilant-coustriiction, and the relationships 
of one plamt to another, mav b^; mort; speedilj' and thoroughly obtained 
than by any other means, 'fhe schedules here inserted by way of illus¬ 
tration are tilled up from a Common llutterciip (and 
from a Dead-Jfettle (Lamium). The characters therein, given are sufli- 
cient to enable the.student to determine the ardin to which the plants 
belong, which is the first and most importamt consideration, but they are 
not sufficient to indicate ^he ftill less the particular sixtcies. To 
discriminate these minor groups, recours*; must be nad to the other pecu¬ 
liarities presented by the plants in question, as before detailed, 
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331. Tho generic character is perhaps tfle most important element 
in Systematic Uotnny. It should contain a shgrt description of tho 
, peculiarities of the group, so as at once to characterize this ns it 
exists in itself, and to furnish the means by which it may be distin¬ 
guished from all other genera belonging to tho same dirision of the 
Vegetable Kingdom. That is to say, for a genus of Flowering Plants, 
the character should contain all that is necessary to distinguish a 
given genus from all other, genera of Dicotyledons, or of Monocoty¬ 
ledons, as the case may be. The following example of tho character 
of the genus Campanula, Linn., as given in Endlichcr’s ‘ Genera 
Plantarum,’ will illustrate this:— 

“ Campamda, Linn. Cah/x wnth an ovoid or subspliprical tube adherent 
to the ovary, the limb superior, five-t<x)thed: the teeth either flat at their 
margins or decurrent into lobes overhang the sinu.ses. Corolla iuserte*! 
at the summit of the tube of the calyx, more or h‘sa campanulate, Hve- 
lohed or five-toothed at the ape.x. StaiiirH-i five, inserted with the corolla; 
filaments broadly membranaceous at the ba.«e, and, with the anthers, free. 
Ovary inferior, three- or five-celled : cells opposite the lols-s of the calyx. 
Ovules numerous, on placentas projecting from the centwl angles of the 
cell, anatropous. Style coverea wi,th quickly deciduous hairs; 

:l-5, filiform. Capsule ovate or turbinate, .‘i-ii-celli'd; cells bursting near 
the top or bottom by a parietal valve tuniing upward. Seech numerous, 
mostly ovate, flattened, more rarely ovoid and vety small, llmhnjo 
orthotropous, in the axi.s of fleshy alfiumen; cotyledons very short; radicle 
next the hilum, centripetal. 

“ Perennial or annual herbs, sometimes low and tuftetl, sometime.s erect, 
tall, many-flowered, diftusied through all tho temperate and cool regions 
8 f the northern hemisphere, forming a great oniament to meadows and 
groves; radical leaves very often larger and more obtuse, with longer 
stalks; stem-leaves alternate, varying; flowers niostlv stalked, racemos<', 
rarely spiked or in clusters, very often rather large, "blue, or sometimes 
white in the same species.” 

332. The first paragraph here contains the essential character of the 
genus ; the second paragraph is a description of the general characters 
of the species belonging to it, which is usually ap{)ondcd to such 
complete generic characters. 

It will be observed that this generic character not only enables u.s to 
distinguish plants belonging to this group, but de-seribestbe genus so fully 
that we become acquainted with all its important peculiarities, whilts 
bei;^ drawn up irrespectively r)f anv Order, alliance, or class, it is equally 
available as material forany^a^urol or Artificial classification of Mowef- 
ing plahta founded on the floral organs, since it conudiis the information 
reqnuite for ascertaining its relations. , 

333. The diagnosis of a genus is more limited in its nature 
and purpose. It is used, when genera are described under fixed 
systematic heads, simply for distinctive purposes; and it is there¬ 
fore confined to denoting what is absolutely necessary for this pur- 
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pose. Thtis, in Babington’s ‘ Manual of British Botany,’ the genus 
Cnmpamtht occurs ftnder the head of the Order Campanulaceaa, tho 
character of which includes much of what is given in the generic* 
character of Campanula, above cited; so that it suffices for the 
distinction of Campanula from its allied genera to give the following 
brief abstract, or ilia^nosis :— 

“ Campanula. Cali/.v /i-parted. Cor. mo.-tly bell-shaped, taiOt H broad 
and .shallow setnn''iits. Anthers free; Jitaments dilated at the base. 
Sliyma .'!-o-fid. Capsule not elongated, d-o-cclled, opening by lateral 
pores outside the segments of the calyx.” 

;5;i4. It is -seen at once that this diaijiitims fails to furnish the 
complete notion of the genus which i.s obtained from the character, 
and that it does not suffieo to indicate the position of the genus, either 
in a Natural or Artificial classification. , On the other hand, for its 
own especial [inrpo.se, that i.s, of indicating the distinctions between 
allied genera, it may bo even still more ri-dnccd, as is often done in 
works describing the plants of a limited district, where only a few 
gi'iiora occur in Ihc Natural Order; for e.xuTn]ile, we might give 
tliagnoses of the British genera of Campanulaccie in this way— 

.V. Corolla rotate, segments linffor; anthers cohering at the base. 

1 . Jaswne. 

Condla rotate, with linear seg'inents; anthers free. -J. Phi/f-euma. 

B. Corolla mostly bell-shaped, with broad and shallow segments; an¬ 
thers freo. 

Capsule not elnngatid, opening by Interal pores outside the seg¬ 
ments of the calyx .. d. Campanuhi. 

Capsule linear-obloiig, prismatic, opening by lateral pores be¬ 
tween the ncg'Hients (d'the calvx . 4. Sjuvularia. 

Capsule hiilf-.s\ipori )r, t.poniug' by .1—5 vah es witbin the stg- 
ments of the ealy.x. 5. Wahlctibergia. 

MB"). The sperijlc chanicfec of a plant should contain .ill the coii- 
.stanl distinctive jn'cnliimtics of h six'cica. On the one Imnd. it will 
exclude the generic characters which ally it to other siweies of the 
same genu.s; on the other, it should exclude the inconstant cha¬ 
racters which distinguish its own Turiofics. 'But the character of it.s 
ordinary varietic.s, if such exist, may ho given in a supptcniontnry 
paragraph, like that appended to the ftdl genetic character. The 
distinctive eluiraelers of siK'cies are imnnlly found in the organs of 
vegetation, as tlic root, stem, leaves, oracts, and inflorescence, or in 
the hphit or dnmtion of the plant. The floral organs mo.sth- only 
give sjreeific characters in their less important peculisirities—as in the 
shai>t? and relative magnitude of the pt'tals, the external characters 
of the fniitsand seeds, &c.,—the more remarkable peculiarities being 
of generic value. The supplementary notices appended to the strict 
character of the species generally relate to the ordinary dimensions of 
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the plant, the colour, taste, smell, &c. of its organs; those are the 
.marks by which the varieties are usually characterized, as will, be 
* seen by referring to any catalogue of varieties of the ordinary culti¬ 
vated vegetables. 

336. Linna?u8 laid down a rule, that every specific character should 
be confined to twelve words; but, from the increased number of 
species discovered since he lived, it is no longer possible to foUow 
this rule in all coses. In recent systematic works the characters of 
species have often been given at inordinate length, and in a manner 
greatly transgressing the other more important rule, that they should 
contain no character that is not to be found in all perfect specimens 
of the plant. The specific character will necessarily vary in length 
according to the richness of a genus in species, some containing 
many hundreds, while others comprise but a single one. When the 
genus contains but a single*species, as the Hop {Ifumulus Lupulus'), 
the generic character ijlone suffices for distinguishing it: but a speoifie 
character is even then given with advant.ago, indicating points which 
are not included in the strict generic character. Where a large 
number of species exist, the genus is generally broken up into artificial 
sections, characterized by some mark occurring regularly in a certain 
number, which are thus placed under one head: this saves the 
necessity of repeating that character for each species. It is also 
common in modern works to combine a diagnosis with the specific 
character, by marking in italics the especial distinctive marks of each 

species occurring in a particular group. 

• 

The following examples will make this more clear;— 
Of*S'(/riw/rt,Ij.,onlvsix speciesaredescribed inDcCandollc's'Proflromus,’ 
being all that were known in 1841. The .specific character of the connmm 
Lilac, Syringa vidgaru, could thus be given in a few words:— 

“& vulgaris, L. Leaves cordate or ovato-cordate, quite smooth and of 
even colour; limb of the corolla subcoacave.” ' 

Four varieties arc characterized, chiefly distinguished by the colours of 
the blossoms. 

Turning to the genus Campanula in the same work, wo find no less 
. than 182 species. Being a very natural genus, the species are kept toge¬ 
ther under one generic name, but, for convenience, they are arranged in 
sections and subsections. Thus fifty-eight of them am characterized by 
the presence of appenda^s on the sinuses of the cal}^;, such as we find in 
the garden Canterburv ^11 (CtimpanM/a .VcdiKWi), while the Kmainder 
are without these. The second'section, of 124 species (among which are 
included all our native kinds), is further divided into sub^tions, cha¬ 
racterized principally by the peculiarities of the capsule, and these, again, 
into groups according to the kind of inflorescence &c. ; w that when wo 
come to the specific character ifiself none of these points havo to he re¬ 
peated, and the definitions are restricted within very narrow limits, as for 
instance:— 

“ C. rotmdffoUa, L. Eadicol leaves stalked, cordate, rounded, crenato- 
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dentate; stem-leaves linear or lanceolate; teeth of the calyx awl-shaped, 
erect, one-third the length of the bell-shaped corolla." 

In a work devoted to a limited floja, as that of Britain, where there exist 
only eight species of Campanula, we may adopt the sectional divisions, < 
ana limit the specific character as above, or give a longer character, in¬ 
cluding the marks of the sections ; the latter plan is the better, where 
roace is not an object, since it makes the character itself more instructive, 
Thus, in the ‘ British Flora,’ we find— 

“ C. rotiindifolia, L. Glabrous; root-leaves subrotundo-cordate, crenate 
(very soon withering), lower cauline ones lanceolate, upper linear entire; 
nowem solitary or racemose, drooping; calyx-segments subulate; capsule 
drooping, with tlie clefts at the base.” 

In Babington’s ‘ Manual,’ on the contrary, where the subsections 
founded on the capsule are adopted, Ibis mark is omitted in the essential 
character:— 

“ C. rottmdifoKa, L. Radical leaves cordate or renifonn, shorter than 
their stalks; stem-leares linear, the lower ones lanceolate ; JUncers one or 
more, racemose ; corolla turbinate-campanulnte.—Stem 0-12 inches high. 
Radical leaves soon vanishing; corolla blue; calyx-segments linear- 
subulate.” 

This example further illustrates tire method of invinga diagnosis at the 
same time, by italicizing the characters by which the species is distin¬ 
guished fronrits nearest allies; it also shows the manner in which expla- 
natorj' or descriptive notices are added in a supplementary paragraph to 
the essential specific character. 

5)37. I.astly, if wo have to deal with a limited number of species, 
such a.s the British BoU-tlowcrs, to which wc have just referred, we 
may; for simple purposes of distinction, construct a diagnostic table, 
like that above given for the genera of Campanulaceac. • 


Flowers sessile, in terminal or axillary clusters ; cap¬ 
sule sessile, erect, with the port's at the base . . C. ylomerata. 

Flowers in racemes or panicles; capsule stalked. 

Ciwsule nodding, with the pores at the base, 
hjowers in a unilateral raceme, st'gments of 

calyx ultimately rcllexed. C. rapunculoides. 

blowers racemose, st'gments of calyx always 
erect. 

Peduncles 1-flowered.C. latifolia. 

Peduncles 2-.‘)-flowered C. Tracheliiim. 

Flowers on long slender stalks, solitary, or in 

a lax few-flowered corymbose raceme . . C. roimidifolia. 

Cflpsule erect, with tbo pores just below tile 
segments of the calyx. ^ f 
Segments of tbo calj-x entire. 

Segments of the calyx lanceolate, raceme 
few-flowered, or flow^ soHtarv . ... C. persictfolia. 

Segments of the calyx awS-shaped, flowers 

in an erect racemose panicle . . . . C. Rapunetdm, 

Segments of the calyx toothed at the base; 

floweiB panicled, erect, cm long stalks . C. patula. 
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338. A few of the general rules observed in writing descriptions 
of plants may bo mentioned here, a^s explanatqpy of certain techni¬ 
calities which will be met with in systematic works. 

330. The generic name is always commenced with a capital letter, 
while that of the species is usually written small; but we find in 
most books a capital letter to the specific name, 1, where this name 
is the appellation of another existing or suppressed genus used adjec- 
tively, as Agrimnia JEupatoriinn, Mentha Pidegium, &c,; 2, where 
the specific name is formed from a proper name, either as the genitive 
case of a substantive or in the adjeotive form, as in Scirpus Sav'd and 
Carex DavalUana. Specific names derived from countries arc now 
-usually written small, as Sikne (mjUca .' 

340. When a generic character is written in Latin, the organs are 
all put in the nominative case; in a specific character they are put 
in the ablative. 

341. When describbg a species, it is usual to subjoin its habita¬ 
tion (Habitat )—that is, the nature of the places in which it is usually 
found, such as “ Wbods,” “ Dry hilly places,” “ Kivers,” &c. In 
general systematic works the native country or province is stated; 
in works relating to limited districts, special localities are given for 
rare plants. 

342. Tlie following marks and abbreviations are commonly in use 
to indicate certain other points:— 


(^or A 35 an annual plant. 
^ ; or B 5=a biennial. 

^ orP 5= a perennial. 
Sh=;n shrub. 

T s=a tree. 


ri, a male flower. 

$, a female flower, 
ri, an hermaphrodite flower, 
ri 5, a moncEcious plant, 
ri - $, a dioecious plant. 


The time of flowering is indicated by numbers, referring to the 
months, as 6-8 or vi-viii:=Junc to Augu.st, A:c. 


Many other .signs are met with in Systematic works, hut tliey are very 
often used in different senses hy diflferent authors, so that no general e.x- 
planation of them can be given; moreover the sense in which they are used 
u generally explained by the author. 
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CHAPTER II. 

SYSTEMS OF CLASSIFICATION. 

Sect. 1. AanFiciAL Classification of Plants. 

343. An arrangement of all known species of plants in a series of 
classes constituted upon certain fixed principles, forms what is termed 
a System of Vegetables. 

It belongs to the history of Botany to describe the numerous Systems, 
which have been brought forward, at various periods, for the double pur¬ 
pose of generalizing acquired facts, and of facilitating the diffusion of 
botanical knowledge by rendering it possible to recognize plants which 
have already been described. In this work it is ncce.ssary to confine our¬ 
selves to a brief reference to some of the most important of the Systems 
which have attained general ciurency. 

344. The classification of plants by generalization, the Sjmthctic 
or Natural Method, is adopted in all cases in forming the groups of 
the lowest rank, namely Genera, 'fhese arc established by the com¬ 
bination of a number of allied species under one name, on account 
of their affinities; and, as we have already mentioned (§332), the 
same genera are used in all Classifications. 

From this point Systems diverge. The Natural Method is pursued 
further on the same principles of generalization, where, the object 
is to systematize acquired knowledge, and mark the agreements 
among plants. Where, on the other hand, it is chiefly desired to 
mark out the difforenees of plants, in order simply to their easy 
recognition. Artificial Mt:thn<is are resorted to, which are carried out 
by a principle of anali/eis, whereby the whole ma.s.s of known form.s 
are taken ipid gradually parcelled out into Chesses, Orders, &c., accord¬ 
ing to their agreement or difference in certain fixed characters. 

Most of the older systems were more nr 1('.S8 Artifici.'di the earliest 
commencing with the division of plants into Trees, Shrubs .and Herbs, 
Land-plants and Water-plants, and the like. As advances were 
made, organs of more and more importance were chosen to furnish 
characters; and wo find i)lant8 subsequently classed by their corollas,, 
by their/nuVs, Ate.; but in none of the systems proposed before the 
time of Linnasus do we find one givenfprinciple carried out through 
the whole. 

345. When Tinntcus entered upon wonderful labours, there lay 
before him a mass of information in § very cnide smd uumaiiageable 
condition. His reforriing genius introduced order, in the first instance, 
by the substitution of short fixed names for siwcics, on the binomial 
plan, by the definition and secure establishment of imperfectly cha- 
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racterized genera and .species, and then advanced to the necessary 
task of arranging the genera so as to render them recognizable. The 
artificial methods founded on the floral envelopes &c. had proved 
inefficient; and therefore ho turned to the essmtial organsol flowers, 
the physiological importance of which ho himself contributed greatly 
to establish. The selection of these organs resulted in the formation 
of an Artificial System in which a fi.ved principle is regularly carried 
out, and which, from the physiological importance of tho characters 
employed, approaches in certain of its coordinations to a natural 
arrangement. 

I-ntil the establishment of a true prineiple for natural Classification, tho 
materials for which accumulated rapidly under tho influence of the Lin- 
naean System, the latter received almost universal acceptance; and it is 
still retained by botanists a.s a valuable hey to the recognition of genera, 
especially by beginners in the science. On account of its own import¬ 
ance, therefore, and os the best example of the ^Vrtificial Method, a Vief 
explanation of it must be given in this work. 

346. Species and Genera (§§ .308-31.3) form the foundation of all 
Systems. The object of the liniifflan System was to arrange genera 
in groups characterized by simple striking marks, so that tho exist¬ 
ing description of a given i)liiTit might he readily found, or the de¬ 
scription of a new plant might bo placed where it would bo easily 
referred to. Such m.irks Linnmns obtained in the essential orsexiuil 
organs of plants (in flowers, the stamens and pistils), whence his 
System is sometimes called the Sexual Sy.stem. The highest or most 
general groups, which he called Classes, arc founded on the con¬ 
ditions of the These Classes are subdivided into Orders, 

founded either on the conditions of the pistils or upon secowlanj cha¬ 
racters of the stamens. The Orders include the Genera (in large 
Orders grouped into sections according to various artificial cha¬ 
racters). 

The Linnaean (Masses are twenty-four in number, of which tho 
first twenty-three include all Flowering Plants: tho twenty-fourth, 
Cryptogamia, including all Flowerless' Plants, was a chaos when first 
established, and its subdivisions were not then definable by single 
characters. 

The followingTables exhibit tho main features of tho Linnman 
Classification, tte technical meaning of the names applied to the 
Classes has been explained already in'the First Honk, in the sections 
on the Morphology of tho essential organs. Tlie f"w technical names 
of Orders requiring special explanation are noticed below. 
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Those Sjngenesious plants which have solitary flowers, such ns Lohehn, 
Viola, &c., are placed in the Order to which the number of stamens refers 
them (here Pentandria); so that the Class 19 corresponds e.\actly to the 
Natural Family of Composito. 


The Linn^can Ordebs. 


Classes I. to XIII. 

The Orders formed 
■according to the 
number: — I, of 
pistils when the.se 
are distinct; or, 2, 
of styles of com¬ 
pound pistils j or, 
3, of the stigmas 
when no styles 
exist. 


f 1 pistil . 

2 pistils. 

3 

4 
.5 
<! 

7 

8 

n 

10 

11-12 

( More than 12 , 


1. MonogjTiia. 

2. Higvnin. 

.3. I'rigyniR. 

4. Tetragynia. 

5. Pentagynia. 

6. llii.xniryuia. 

7. lleptagynia. 

8. Octogyuia. 

0. Hnneagtuiia. 

10. Decagynia. 

11. Ilndecag>Tiia. 

12. Polygynla. 


The teripination -gynia is here used to e.xpress pistils &c., ns -andria i.s 
to express stamens in the Classes. The Orders above given do not exist in 
all the Classes, mo.stly onlv the first two, togetlier with one or other of the 
rest, in which case the ordinal number is modified; for inst'ince, if no Tri- 
gynia or Tetrngyni.a exist, and Pentagynia does, this will follow Digynin, 
and become the .3rd Order. 


Clas-ses XW. & XV. "I J Naked-seeded.. 1. Gymnospermia. 

The Orders formed [ ■ | Covered-seeded. 2. Augiospenaia. 

from the condi- CTetrady- I With silicules.. <3. Hiliculosic. 

tion of the fruits. J namia. | With .siliques .. 4. Siliquo.sao. 


The term Gvmnospermirt, u.sed in the 14th Class, was founded on an 
erroneous idea of the fniit of Lahinta, Boraginacta, and other families, 
which consists of a enreendw (§ 270) of f )ur hard achtenia, regarded by 
Linnaeus as naked seeds; while the Angio.spennia included the plants 
with a capsular fruit. ¥lie terms Siltcula emiSUigHa are explained in the 
descriptions of fruits (§§ 274, 27/5). 


Classes XVI.,XVII. 

& xvni. 

The Orders founded 
on the number' 
and position ai 
<the stamens, like 
Classes 1.(0 XIII. 


5 free stamens. 

6 „ . 

< ff ........... 

8 

10 , „ . 

12-19 „ . 

20 or more stamens on the 
calyx. , 

20 or’more stamens on the re¬ 
ceptacle. 


1. Pentandria. 

2. Ilexandria. 
.3, lleptandrio. 
4. Octandrin. 

6. Decandria. 
6-llodecandria. 

7. Icosandria. 

8. Polyandria. 
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Cla^<s XIX, 

()rders formed ne- 
cordiup to tlie sex 
of tlie Horets con¬ 
tained in the same 
ea])itulum. 


All the florets perfect and of 1. Folygamia 
, the same shape. ' aequalis. 

I Capitules radiate; disk-florets 2. Polygamia 
pt'rfect, ray-florets pistillate, superflua. 

all forminir seed. 

Like the last, exc(‘pt that the 3. Polygamia 
ray-florets are barren. fimstranea, 

Hay-florets fertile, disk-florets 4. Polygamia 
barren. necessaria. 

Ray-florets perfect, each floret 5. Polvgamia 
with an additional “calyx” segregata. 

or involucel. 


Classes XX., XXL, 
XXII. & XXIII. 


' The Orders formed according Names of the Orders 
to the number and position the same as those 
j of the stamens, hke the of the Classes 
j Classes l.-XIll.. or accord-' they imitate. 

I ing to their cohesion, like 

1 , the Classes XVI.-XIX. 


The numl)er of actually existing Orders is limited here to far less than 
all the possible cases. 


Class XX. 


r 1. Filices. 

f Divided according to Natural J 2. Musei. 

1, relationships into. "] 3. Algco. 

I 4. Fuiigi. 


347. Tho completeness of this Artificial System is such, that 
almost every form of plant can be readily referred to a place in it. 
Unfortunately, however, this is done in certain cases at the expense, 
of natural affinities so close as those between the species of the same 
gcnins; while in some in.stanccs it divides the individual examples of 
the same species. As it is contrary to the object of the System to 
mterferc with generic groups, far less with the definitions of species, a 
choice has to he made in such cases as to where tho forms iu question 
shall stand—the character of the majority hf the species deciding tho 
place of a genus, and the character of the majority of examplc.s that of 
a species, iforcover some of tlie Classes are so natural as regards tlio 
affinities of the constituent genera, that whcro>.ii8 sometimes happens, 
exceptional genera oxhiliift a deviation from the artificial type, a kind 
of compromise is made and the genus described with its true allies, 
a reforenco being made to it under the artificial’Class to which it 
strictly belongs. . ^ 

A few examples will illu.strate these points, which render the use of the 
Linnaean Svstem mon> difficult to beginners than is generally admitted. 

The garden Rue {Ruta grnreolnts) has sometimes quaternary flowers 
with ^ 8 stamens, sometimes quinary flowers with .10 stamens. It is 
de.scribod hy Linniens in the Class Deeandria; but it is necessary to 
include it in the table of genera of Odtandria also, with a reference to th% 
place where the description is given. » 
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In the arenas Festuca, the species are uauallj triandrom ; but F. uni- 
glumia and others have but one stamen: consequently while the genus 
stands under Triandria in the System, a reference must be made to it 
under Monandria. Zepidimn and Cardamine are genera of Tetradynamia, 
a Class of such closely associated genera that it corresponds to the Oru- 
cifersB of Natural Systems; but L. ruderale is only known in a diandrous 
State, and specimens of C. hirmla are not unfrequently found letrandrms, 
which cases demand similar crpss-references in the tables of genera. 

The Classes founded on tbe dicUtiom conditions of plants are the least 
satisfactory of all. It is exceedingly common to find species with perfect 
flowers and other species with moncccioin or diceeious flowers, in the 
same genus, ns Lychnis dioica (in the 10th Class), Maleriana dioica (in th§ 
3rd Class), Jlibes dlpinnm (in the 6th Class), &c., in genera whwe the 
species mostly possess perfect flowers. Fhnmnus cathartica, dioecious and 
tkrandrom, and R. Franyula, perfect and pentandrous, represent that 
genus in the British Flora; while Urtica dioica and U. urens furnish 
examples of congeneric species re.spectively dioecious and monceciotis. All 
such ca^s require the same kind of cross-reference as above indicated. 

The.waractefs of the 23Td Class, Polygamia, are subject to the great 
inconvenience that they frequently require the examination of a largo 
number of specimens in order to make them out clearly. On this account 
many authors have discarded this Class, and distributed its genera among 
the others. 

The arrangement of the genera in Orders is accompanied by similar 
difficulties, which are met by the same rules, that the place shall bo 
decided by the greatest frequency of occurr(.'nce of a character in a 
species or genus, and that a cross-reference shall bo made. 

348. In almost all modern descriptive works, the species arc de¬ 
scribed under a Natural Arrangement; and the Linnasan System is 
seldom had recourse to, except as a moans of furnishing an Artificial 
Key to the genera of a limited region. It has certain advantages 
for this purpose, arising from the difficulty of subdividing the Natural 
Families into sections which are not too few or too numerous, in 
making the first step of the analysis. By the Linnscan plan, the 
Flowering plants of Britain, for instance, comprised in about 600 
genera, are at the outset distributed into 22 well-marked Classes, 
each of which is again divisible into froru 2 to 7 Orders, after which 
the detection of the genua is generally very easy. 


Seet.*2. Natukal Classification of Plaittb. 

349. We have pointed out, in a former section, that the genera of 
plants are truly natural groups; and, if their cs.sential characteristics 
are dearly understood, there will be no difficulty in comprehending 
the scope and purpose of the Natural System of Plants. In this 
method of classifying we pursue the same path by which we arrived 
It the genmra, and proceed to combine these into higher and more 
general^^roaps, not according to arbitrarily chosen or isolated cha- 
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racters, but according to their natural adinities—that is, the agree¬ 
ment in their total organization. Genera are thus gathered together 
into Families or Orders, these into Classes of higher generality, and 
finally the entire Vegetable Kingdom becomes marsht^ed into a few 
Provinces or Subkingdoms, 

It is evident from this, that a Natural System founded on a perfect 
knowledge of all existing plants would present to us a kind of abstract 
picture of the Vegetable Kingdom, in which,all its essential characters 
would be represented in their real proportions, places, and connexion. 
Not only, however, are wo far from being acquainted with aU exist¬ 
ing plants (not to mention the numerous kinds now extinct), hut the 
essential peculiarities of a vast number of the known plants nave been 
as yet but imperfectly studied. Hence we have at present various forms 
or plans for the Natural Arrangement of plants, presenting peculiarities 
dependent upon the amount of knowledge, or the peculiar views, of their 
respective authors; which plans or Systems must be regarded as so many 
rough draughts or sketches, to serve as material for the elaborStiou of the 
true and complete Natural Sj’stem. As the principles of classification are 
fully recognized, and as the amount of plants thoroughly known is already 
very largi', there is a close agreement in the general features of the dif¬ 
ferent “ Natural Systems,” and especially in the manner in which the 
Orders of plants aiv defined. The chief cliversilies of opinion arise out of 
the diflerent estimations of aifinities and difl’erences of tne families, which 
express themselves in a marked mnmier in the mode in which the Classes 
or Alliances are formed. This will be evident in the examples we shall 
presently give of those “ Systems ” which have received the widest ac¬ 
ceptance. 

350. Wo have said above, that plants arc combined according to • 
the agreement in their total organization. But, to characterize the 
Natural Method more distinctly, it must be added that especial 
attention is paid to the estimation of the relative value of the dif¬ 
ferent characters presented by each plant, a determinate scale being 
formed, in which the organs are ranked according to their physio¬ 
logical importance, the morphological complexity of their construc¬ 
tion, and their comparative invariability. 

Thus, while species of the same genus, distinguished generally by 
the external characters of their vegetative organs, are combined by 
likeness in their flowers, genera (in which difference of the floral 
envelopes, or of the external character of the fruit, or some such 
character exists) are combined into an Order on account of the agree¬ 
ment in the structure of the ovary artfl its relations to the floral 
envelopes. The characters of seeds, and more particularly of the 
embryos, give a still higher divisional character. These characters 
of successively higher groups ore marked in organs of progressively 
higher physiologic and morphological importance, affinities between 
such organs being proportionately jftore valuable. But they possess 
this value not merely on their own account; for if that w,ere the 
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<;ase, the method would bo still to a groat extent artificial: they 
indicate the coexistence of proportionate agreement in the total 
organization, which renders them exponents not merely of the affini¬ 
ties of the plants in respect to the particular structure to which they 
belong, but of all their affinities, and of the rank which a given plant 
holds in the Vegetable Kingdom. As a general rule, it is found 
that the agreement of the total organization of plants is generally 
proportionate to the physiological value of any given organs in which 
they agree; or, in. other words, agreement in the stnicture of any 
given organ indicates general agreement in all the organs of loss 
importance than itself. The agreement here referred to is of coiuse 
a general structural agreement, a relation to a common tyi>c—not a 
resemblance excluding the multifold minor diversities which present 
them.selves within the limits of almost everj' type. 

351. Practically, moreover, we have another principle to keep in 
view, which indeed, whDe it affords as it were the verification of the 
inductions of the above principle, is our sole guide in dealing with 
the subdivisions of the more comprehensive tyj)os. This is the rule 
that the closest affinities are marked by the agreement in the majo¬ 
rity of characters of equal importance; or if the characters, as is 
more commonly the case, are of unequal importance, the principle of 
decision by the majority is carried out by ascertaining the propor¬ 
tionate values of the organs in which agreements and differences 
exist, and striking a balance as with equal factors. 

Many of the older br>tftni.«t,s had attempted to construct a Natural Svs- 
tem; and Linnseus left a sketch or fragment of cue, in the form of a li.st 
of names of families without definitions, regarding it« realization as the 
ultimate aim of Botany. Many of the families in the.se older !^y.stem.s are 
grounded almost exclusively on “ habit,’’ or general external eharaeter. 
The two Jussieus, Bernard and Antoine-Laurent, have the merit of the 
discovery of the only principles upon which a really Natural System can 
he founded. And so accurately did .\.-L. de .Iiis.-^ieu carry out the.«e prin¬ 
ciples in his arrangement of the then existing genera, that the familie.s 
wnich he estahli.shed are siill almo.st all r>-eeivpd into our present Systems, 
where some of them are indeed broken up into smaller groups, but where 
the greatest increase in the number of families arises from subsequent 
discoveries. 

3.52. The famijies of Jussieu consisted of groups of genera combined 
together upon the principles above enunciated. lie established 100 
of them, defining them witlf exactness, and assigning to their cha¬ 
racters relative values, primary, secondary, tcftiaiy, &c., and in this 
way he laid the foundation of the classifications now in general use. 

The characters of the natural Families estahli.shed in this way will be 
found to be far less exact and definite than tho.se of the I Jnnacan classes and 
orders, and by no means so rigid ev Jn as those of natural genera. The cha¬ 
racter of a family is founded on the totality of its essential characters, and 
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includes the essential characters of agreement of all its genera. The gener^ 
contained in most of the families exhUjit a considerable range of difl'erences; 
allowance must bo made for these; and this gives a laxity to the family 
character which is puzzling to the beginner. For example, the family 
Banunculaccao is very natuml; but we find in its character a certain range 
of ditterence allowed for in the sepals, petals, pistils, and fruit; the insertion 
of all these, however, and that of the stamens, is fixed, and so is the cha¬ 
racter of the seed. Similar conditions occur in most other families. The 
decision as to what family a genus is to bo refjirred to is made according 
to the principle of majorities : whichever it agrees with in most of its cha¬ 
racters (say, even three out of five), to that family it belongs. Great diffi¬ 
culty, however, exists in certain cases from avast series of genera running 
into one another by almost imperceptible gradations, and this in dilferent 
directions. A considerable number of these agi-eeing closely are associated 
into a family; another similar group form another family, and so on; and 
tlien, in the course of time, sundry intermediate genera present themselves, 
which connect the established families, and whicli it is dilBcult to place by 
the usual clioiee in either one or the other, the characters being balanced. 
Thus the Natural family Loganiaceas is connected by ‘‘aherraut" geuera 
with Kuhiacea', Gentianaccie, Scrophukriuceie, and other families which 
aretrulv natural, but wliich in this way come to be separated by somewhat 
indefinite houndaiy-lines. 

The fact is, that the Vegetable Kingdom is a whole, the families and 
ckssits having s<*ldoni a distinct isolated e.\istence, except in the minds of 
botanists; and we must rfgartl them as analogous to countries on the globe, 
which are parcelled out under distinct names, hut mo.«t often adjoin and 
run into one aiiotlier, being only separated by an arbitrary bounaary-line 
or frontier. Some, indeed, lie ofVfrom the rest, like islands; but these are 
the e.vceplions. 

Such exceptions are found among the families which were perceived 
and established by the older Ixitiuiisis, in which the essential agreements 
are accompanied by a striking cliaracter of external habit, as in the firasses, 
the I'mbelliferie, the Coinpositie, the Leguminosie, the Couifene, the 
Palms, &c. Such remarkable peculiarities as these families posses*', mostly 
prevent them being broken up into smaller groups, as has oecunvd to 
many of the earlier orders of large extent; and most botanists prefer to 
distribute these genera into subordvrs rather than discard .the charac¬ 
teristic general name. Examples of these are found especially in tlie 
Ijeguniinosa;, Rosacea', and Comjtiisitic. 

3.'>3. The Families or Orders arc for the most part the same, in all 
essential resjtects, in all existing “ Natural iSystems.” A considerable 
diversity presents itself in the inodes in which different authors have 
gtouped tlieso into Classes or Alliances, aft will bo seen even by com¬ 
parison of the Tables of Eudlichcr and Eindlcy, given belotv. These, 
however, are still Natural groups, as are also those of still higher 
generality indicated in the chapter on General ilorphologj" (§ 17). 
But all writers on Systematic Botunj' have found it requisite to group 
the Orders or Classes of Floweripg Wants into sections of somewhat 
less generality than Dicotyledons and Monocotyledons, as these re- 
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jpectively include series of families so extensive as to bo inconvenient 
in practice if left undivided. The members of these scries, however, 
are so intimately connected together by their natural affinities, 
that it has been found indispensable to have recourse to certain arbi¬ 
trary or artificial characters for the foundation of the sections—cha¬ 
racters derived chiefly from the conditions of the petals and stamens. 
The nature of these Sections will be best understood from the 
examples which foUow. . 

354. JuMipu established his primary divisions of the Vegetable 
Kingdom on characters which, although not altogether unexception¬ 
able, define- really natural groups, which are found under different 
titles in' all Natural Systems. The characters were the absence or 
presence of the rudimentary plant or embryo, and its structure when 
presont, in the seed. On these characters stood the three divisions 
Acotyledons (plants without an embryo'), Monocotyledons, and Dicoty¬ 
ledons, The first of these names is bpd, as founded upon a negative 
character; but the plants which it included were imperfectly under¬ 
stood in the time of Ju.ssieu; the Acotyledons correspond to the Cryp- 
togamia.of Linnecus, which are now by more complete analysis dis¬ 
tributed intp twft sections, divided by even more important characters 
than the Monocotyledons^and Dicotyledons. The other two divisions 
are atiU retained, with very slight modification, in all Systems, but are 
subordinated* undea" divisions founded on more important characters. 

The following Table exhibits Jussieu’s arrangement:— 


. ■ THE JUSSIEUAN SYSTEM. 

Acotyledbns .'..*..,.... Class I, 

* . rStamens hypdgv'nous 

Monopotyiedons . 5.•! p'erigy’nous 

1 „ epigynous 

C Stameas epigynous 
Apetalous , „ pengynous 

I, „ hypogyiioiw 

" rCorolla lij'pogynuus 

„ perigynous. 

I Monopetalous-^ ‘ f Anthers 


Dicotyledons 


„ epigynous 


j coherent 
Anthers 
distinct 


I 

Diclinous, irregular 


pengyuous 


rr. 

III. 

IV. 
V. 

VI. 

VII. 

VIII. 

IX. 

X. 

XI. 


, rStamens epigynous . XII. 

Polypetolous „ hypogynous........ XIII. 


XIV. 
XV. 

'.jrhe three primary divisions here are natural; the Classes must be re- 
mrded as artificial; the Families, however, into which the latter are 
divided, ore natural groups, and to a tgieat extent are retained in more 
modem systenas. The Families of Jussieu were more carefully defined, 
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corrected, and extended by Itobert Brown, whose researches contributed 
most essentially to the establishment of the iKatural System •, but he did 
not attempt to establish any general plan for their coordination in Classes. ^ 

366. Aug. Pyrame Do Candolle endeavoured to classify the Vege¬ 
table Kingdom on principles more in harmony with, the increased 
knowledge of the,structure of plants which had been accumulated 
since the promulgation of Jussieu’s System. De Candolle’s System has 
become very generally used, on account of its having beep adopted 
in the great Descriptive work which he commenced, and which is 
still in progress under the superintendence of his son, the ‘ Prodromus 
Systematis Naturahs Regni Vegetabilis,’ a description of all kn6wn 
species of plants. His primary divisions rested upon the constitution 
of the elementary tissues, plants being divided into Cellular and 
Vascular. ITio former were subdivided into Leafy and Leg^fieh ; the 
latter were subdivided into EMtyens and Etuloyms. This classifica¬ 
tion is open to very great objections. In the first place, the (,eafless 
Cellular plants stamd at a greater distance from the Leafy Celltdares 
than the latter do from the lower Vasculares ; and ttie character is in 
itself an inconvenient one. In the next place, • while the terms 
Kxoyetis and Endoyens were foimdcd on a mistaken idea ef the 
structure of the stems of the higher plants, and were at the. same 
time useless, as synonymous with Dicofy^dons and Monocotyledons, 
the latter class was made to contain the highw Cr^togamia, the 
Poms and their allies, to which an embryo was mistakenly attributed, 
and which are essentially related to Ih^ plants called by De Candolle 
Leafy Celltdares. Those primary divisions of De Candolle are there-* 
fore now discarded. ' • ' • 

His subdivisions of the Exogeus (or more properly Dicotyledons) 
are retained in many works. They are artificial, like the ''Classes” 
of Jussieu, but are, like them, convenient for the distribution of 
the families into groups of iiifJhagcable dimensions. They are four 
in number, and founded on charactei-s of the floral envelopes, viz.;— 
1. Thalamijlorce, in which the pedals are distinct and (like the sta¬ 
mens) inserted on the receptacle (hypogynous); 2. C«lyc(/Zorrt>, with 
the petals distinct or coherent and (with the stamens) inserted on 
the calyx (perigynous); 3. CoroUiJlorcr, with the petals coherent, 
and inserted on the receptacle (the stamens bein^ inserted on the 
corolla); and, 4. Monochlamydea, or plants with a perianth, or a 
single circle of envelopes. ♦ - * 

In De Candolle’s enumeration of the families, which had greatly 
increased in number from Jussieu’s list, the reverse order of sequence 
is followed, the higher plants standing first. As regards this point, 
however, it is a misconception to plora the Thatamiflorae first ambng 
the Dicotyledoiis, mnee they are^pnytifostly inferior to the Calyeiflorce, 
and even to the CoroUiflorai. 
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. DE JDANDOLLE’S SYSTEM. 

# 

A. Plants Vascnlares seu Cotjrledones. 

Class I. Exooenilb seu Dicotyledoneji. 

Subclass 1. Thulamiflora). 

„ 2. Calycifloroj. * ■ 

‘ „ 3. CoroUifloroe. 

„ 4. Moaochlainydea;. 

Class II. ExdooenejE seu Monocotyledon e.e. 

Subclass k Pliancrogamae. 

„ 2. Cryptoganice. 

B. Plants Cellulares seu Acotyledones. 

Subclasis if Eoliuceac. 

2. Aphylla^. 

The orders were arranged in groups or cohori.s, and to a large o.xteiu 
are retained at present 

356. During the last twenty years a great many attempts have 
been ma'de to distribute tha Owlers more .satisfactorily into Classes 
aud primary Divisions. Endlicher, Bartliug, ileisner, Brongniart, 
■ Lindley, and many other authors have published S)’8tcms of their 
own.' That of Endlicher has been extensively used, and, moreover, 
is the basis of arraugoment' iii his great ‘ Genera I’lantarum,’ so that 
it will fie fjseful to give the principal divisions here for comparison 
with others. I^ndley's views of claasitication have been modified in 
■^successive works; but as hi^‘ Vegetable Kingdom’ is the most im¬ 
portant general systematic work we have in the language, it is 
desirable to give the cla,ssifieatian adopted in that volume. lu both 
these Systems the primary divisions arc founded on characters of the 
Vegetative organ.s"; and in both an attempt is made to group the 
Orders into small natuial assembhigSs, c,»lled Classes by Endlicher, 
and Alliances by Bindley. A comparison of these will indicate some 
of the diversities of opinion which exist among botaiiists os to the 
afifinities of the natural Orders. 

ENDLICHER’S SYSTEM. 

Begion 1.. Thallophyta. 

, Sect. I. PROldPHTTAk 
♦ „ n. HYSTEioPBYIA. 

Eegion 2. Oormophyta. ' ^ 

Sect. III. Acbobeta. 

Cohort 1. Acrobrya anophyta, 

, „ 2. Acrobryo protophyta. 

' „ . 3. Acrobrya hysterophyta. 
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Sect. IV. Amphibrya. 

„ V. Ackamphibrya. 

Cohort 1. GymnospennjE. 

„ 2. Apetalse. 

„ 3. Gamopetake. 

„ 4. Dialypctoke. 

The cohorts arc subdivided into classes, and these again into orders. 


LINDLEY’S SYSTEM. 

Class I. Thallogenq, , 

„ II. AcYQgens. 

„ III. BliizogenB. 

„ IV. Endogens. 

„ V. Dictyogens. 

„ VI. Gynmogens. 

„ VII. Exogens. 

SubclasB I. Djclixocs. 

„ 2. Hypoovxors. 

„ 3. Pebigynoi's. 

„ 4. Epigyn'ocs. ^ 

A striking peculiuritv of both these systems, Endlichor's and Lindley's,* 
is the separation of the root-parasites, the Onlers lialanophorete, Cytineas, 
and Itaftlosiacwc, from the orJinnrv tlow'ring plants, to constitute a distinct 
class, named Khizauths. Ve agree with tlie views of It. Grown, Griffith, 
and Ilookor, who r(?gRnl such separation a.s unnaturalj and the combina¬ 
tion of these families under one head, on account of similarity of habit, as 
strongly opposed to their more essential characters. Dictyogens form a 
group intermediate between exogens and endogens; but by most botanists 
ft is considert'd that they ix*rtaiu to the latter. In Lindley's system the 
.subclasses are divided into attiniiccs, comprising each a uumbt'r of order*, 
for the limitation of which, as well as for a general histnrv of the viu-ious 
svsteius of classification that have lieeu propomi, we reter the reader to 
the ‘ Vegetable-Kingdom,' au aelmirable encyclopiwlia on all points relating 
to systematic botany and the uses of plants.' Since thoipubhcatioii of that 
work, a very ini{iortAiit work on systematic botany has been commenced 
by Mr, Beiitbam and Dr. Iloiike'r, {'ntitlod ‘Genera I’hmtanim.’ This 
work, so far as at present published, compri^s a description, in I.Atin, of 
all the generd of rolypet-iuous exogens^ toother with analytical tables 
admitting of the ready determiiialioii.of any {larticular genns. The plan 
followed up to this time ia a slight moditieatiou of the Jussieuan arrange¬ 
ment, as follows;— , 
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BENTHAM AND HOOKEK’S SYSTEM. 

Class 1. Dicotyledoses. 

Subclass I. Anoiospersol*. 

Group i. Pohjpetalcr. 

Sents 1. Thalamiflone. 

„ 2. Disciflora). 

„ 3. Calyciflora). 

Group ii, Monopetala;. 

Series 1. Oviin* inferior. 

„ 2. Ovaly suiicrior. 

Group iii. Monothlumi/deas. 

Group iv. Achhtmydeif. 

Subclass II. GruxosPEiuiiiiE. 

Class 2. DConocotyledoues. 

Group i. Pilahkhif. 

Series I. Ovaiy inferior. 

„ 2. Ovary superior. 

Group ii. Gliimacece. 

Class 3. Acotyledones. 

■ Subcla.s8 I. Acbooex-s. 

Subcla.s.s II. Tii.4U,ooe.vs. 

Subordinate to the series are cohorts, or )jToup.s of orders, of equal value 
though with different liiuitatious, with the aHiamts of Ijimllev. 'J'lie 
only point which requires e.xplaiiation hero is a,s to the serie.s iHm-i/lortr, 
which includes those hypogjaious polypC‘tHlou.s exogeo.s in which there i.s 
a conspicuous disk or series of hypogvoous glands, into, within, or upon 
which the stamcqs are in.sertedl. The following anangi'meiit is iiiat 
adopted by Professor Henfriw in the first edition of this work, with a 
few slight modifications insertt^d.with a view to bring it into harmony 
witS other systems, and to enhance the convimience of the .student:— 

■ < 

SYSTEM ADOITED IN THIS WORK. 


Veoet.vule Kr.voDOM. 


Sabkingdom I. Phanerogamia or Spermocarpia {Flowering Planu). 

Div. I. AyaiosPEUHiA. | Scries 3. Apetalse. 

Class 1. DieotgUdones. * j Subcla.sH 1. Dicompleta!, 
i Series 1. Polypetala. , j Class 2. Mo norot gfedones. 
Subdaes 1. Tbalamifforo!. | Sulicla-ss 1. Spadiciflortc. 

„ 2. Calyciflonc. j „ 'd Petaloidem. 

Series 2. Gamopetals. #; >. y. Glumifcnc. 


SttbelasB 3. Corolliffone. 


Dir. II. Gm.vospeuuM. 
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Subkingdom II. Sporocarpia or Cryptogamia (Flowerlesa PlanU). 


Div. I. Anoiosi’Ob^. 


Div, II, GymnospobS. 


Class 1. .Sporogamia. Class 1. Hydrophyta. 

,, '2. Thallogamia. „ 2. Ai-rophyta. 

„ 3. Axogamia, „ 3. Ilysterophyta. 

In the following systematic description of the NaturiJ Orders, the 
characters of the most important are given at length, with the necessary 
particulars respecting their affinities, geographical distribution, and the 
qualities of the more important plants they contain. To most is prefixed 
a short diagnosis; and a similar diagnosis, or a few explanatory remarks, 
printed in smaller type, are accorded to those Or(l(?rs wliieh either are not 
marked by very decided chiuracters, or which do not demand so much 
attention from the beginner. In most cases the views of other botanists 
as to the iiosition and limitation of the groups are briefly mentioned. 
Cnih'r ciU'Ii (,)rder are phu ed the names of one or mure genera which 
fnruish grood illustrations and are generally ac-cessible for practical exami¬ 
nation. Comparatively few figures are g^iven iii this part of the work, 
■since it must ne strongly impressed upon the .student that actual exami¬ 
nation of plants is ab.s<)hit('ly necessary for the acquisition of avtulable 
knowledge of characters; and the substitution of drawings for dc.spriptions 
in elementary work.s tends to encourage a superficial muiinor of examining 
plants, and to render the ideas connected with the iodividual Orders too 
abstract and too much limited to particular forms. 

.Vii urtifiidal Key to the principal Natural tlrdcns will be found at the 
end of the descriptions of the (>raers. 


CIIAPTKR HI. 

SYSTK.^LVTIC DJ^SCllIl’noN Ol- THK N.VrUR.VL ORDERS. 

THE VECKTAIILE KINGDOM. » 

Si-iiKtxGDOM I. PHANEROGAMIA, or FLOWERING PLANTS. 

Plants producing stamens and pistils, and seeds containing an 
embryo. 

Division I. Angiospermia. 

Flowering plants, with the ovules formed in closed ovaries. 

' • 

Ci.,is8 I.* DTCOTYLEDONES. ’ 

Angiospermous Flowering Plants, with stems having pith and bark 
separated by a compact layer of wood, which, in jierennial plants, 
receives annual additions on the oytside, iK'neatli the bark; leaves 
with the ribs mostly distributed in a netted pattern and generally 
diminishing in size as they brunch; parts of the floral circles mostly 

K 2 
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5 or 4, or some multiple of those numbers, rarely 3 ; embryo with a 


Fig. Fig. 330. 



O' 


Fig.leaf of Jk DirotyleJoii. 

Fig. JW. yuinnrv olnn of tho 

Figs. 3tJ0*Sc iHil. l)ic-utylwJou<.rU« e-iiibn 'xn. 



FIc, 3^2. ThalamifWspfff/Jnw»ov/u<). * Fig. .13J. f'aJrrifior.T 

Fl&dS;. Caljctflonp Fig. jO,'. CoroUinunc 

.*33^. loc<;DD)>Lc't(fe (^Conochlaniytlvtt)(f/7>Aw«j. 
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pair of cotjictlons, and a radicle whicli is developed into a tap-root 
in germination. 

Series 1. Polypetalae. 

Petals distinct, rarely ab.scnt or united. 

Subclass 1. TIIAL.^lIIFLOR^. 

S')”. Dicotyledons having mostly both •calyx and corolla; calyx 
free (not adherent to the ovaiy); corolla compo.sed of distinct petaJs, 
which, with the stamens, spring from the receptacle (hypogynous). 


Ohder I. 11ANUNCUL.\CE.E. The Crowfoot Order. 


C/tixu. I’olvcai'picje, Jwiill. A-ll. Itanales, LituU. Cohort. Ranales, 
Iti-iith. H Hook. 

;i.")S. /tiioiiianl.'i.- -Iferbs (or climbing shrubs) with a coloiirlcss 
acrid juice; leaves alterniite, rarely opposite, simple or deeply 
divided; leaf-stalk oft(m sheathing at (he base; flowers regular or 
irregular, ])iilyp( talons or oceasionally apetaloiLs, with the caly.x 
IRlaloid; the sepals, petals, luinierons stamens, all distinct and 
hypogynous; carpels, many or few (rarely solitary), all distinct; 
sei'd alhuniinons; embryo small. 




Fi,;. :iS7. Aohi-tic of Ilmuinruhif. out v, rliraUy to Anw the »coa. with *n omt'rro »t ths hws 
oftvUmiiit’n. , • , .5 » 

Kig. KIow«»r nf whowiftii lht‘ im'^ujar jV‘faloirt cairx. 

Ki^. Thf wimo, with the •vi’aU rvnjriTitl, ‘•howinj' inc andth^ nuxnerout 

hTpfyyimu* utmucnn. 


Cluiracta’. 

Thalitnum convex or flat, often elongated, very rarely concave. 

(,'ahj.x grean or petaloid, regular or irregular (fig. 338); scjx(Sj|f 3-6, 
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hypogynous, deciduous, occasionally persistent, usually imbricated 
in SDstivation, sometimes valvate or induplieuto. 

Corolla: petals 3-15, distinct, hypogynous, in one or more rows, 
sometimes deformed (fig. 33t)) or wanting. 

Stamens indefinite, or very rarely definite, hypogynous ; anthers ad- 
nate, bimsting longitudinally. 

Oraries several or few, simple, 1-celled, distinct, or very rarely 
coherent below to form a compound mauy-cellcd ovary; styles 
simple ; cells 1- or many-seeded; 2 >lacentas at the ventral sutures; 
ovules anatropous. 

Fniit: a collection of dry achenes, a 1- or few-seeded berry, or a 
circle of follicles more or Ic.ss coherent below, bursting at the 
ventral suture; seeds solitary, erect or pendulous, or rarely hori¬ 
zontal in two rows : embryo straight, minute, in the base or within 
the apex of homy albumen (fig. 337). 


I1.1.VSTUATIVK Cu-:N'KnA. 


Tribe 1. Ci.EMA'nnE.Y;. Mustty 
climbing plants with epposite leaer^. 
Calyx valvate or xnduplieate: fruit 
of achenes, tunially surmounted by the 
persistent and plumose style. 

Clematis, Z. 

Tribe 2. AyEMONE.*:. Crdy.rusu¬ 
ally scolinirrd, imbricated; achenes 
sometimes tailed; seed inverted. 

Thalictrum, Tmtrwf, 

Anemone, Haller. 

Adonis, I)C. 

Tribe 3. RA.yuycn.E.*:. Cnhj.r 
imbricated; achenes not tailed; seed 
erect, 

Rammculus, L. 


Tribe 4. IIei.i.eiiouk.'k. Calyx 
imbricated; petals irrryular or none; 
fruit of xnany-st'eded follieles, more 
or le.ss coherent, rarely baccate. 

Cult ha, L. 

Ilelleborus, Adans. 

Nigelln, Tournef. 

.•Vrmilegia, Tournef. 

Pwphininm, Tournef. 

Aeoiiituin, Tournef, 

.\cUea, L. 

Tribi' b. Caly.r im¬ 

bricated; petals fat imuone; car/u-ls 
for mini/ dehiseent pods, surrounded at 
the base by a ilisk, 

Paonia, Tournef. 


Affloltie*.—The characters which are aliiiost universally found through¬ 
out the genera of Ranunculacete are the free sepals and petals, the inde¬ 
finite stamens, the inverted ovules, and the presence of albiuuen. Nono 
of the.se, taken separately, are absolute!) characteristic of the order, 
though collectively they ore of the greatest importance. The other cha¬ 
racters are all more or lees inconstant or variable throughout the order, 
some of the genera po.ssessing them, others not. The conditions of the 
calyx and corolla, and also of the ripe fruit, are not only nomtally very 
varied in the different genera, but are readily affected'and altered by 
cultivation. The affinities of the Order am somewhat complex: the 
structure of the essential organs allies them closely to the Magnoliacea; 
and Pilleniacem, the former of which, however, have distinct stimilea, 
while the latter have arillate sedds; and both differ in habit Some 
^nera atp cloeely related to the Rerheridacgee, from which, however, 
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they differ in the indefinite stamens and in the sutural (not valvular) dehis- 
cenee of the anthers. From Nymphreaceic and Papaveracom, which they 
resemble in certain respects, they are distinfpiisned by their distinct 
carpels, and in the case of the Poppies by their watery (not milky) juice. 
Ilelations exist also with some Calycifiorffi, as with Kosacem, fiom which 
the present Order is known by its hypogynous stamens, the abundant 
albumen of the seed.s, and the general properties. Sheathing bases of the 
leaves, resembling adnate stipules, occur here and in Umbelliferse, and 
they somewhat resemble the stipules of Itosa. A kind of representation 
of this Order occurs among the Monocotyledons, in AlLsmace®, where 
the free carpels and the habit g^ive a resemblnuco to those llanunculacese 
which ba\e a ternary calyx. The Iheonies approach the Nymphasaceae 
in tilt' dish, which is remarkably develo))(^d in P. Motitan, almost entirely 
enclosing the carpels; the stamens of Pteonies also are, owing to a slight 
excavation of the receptacle, perigynous rather than stricHy hypogynous. 

Number and Distribution.— This Order contains from DO to 40 genera and 
a large number of species, which latter are most abundant in damp, cool 
clinniti's, and are scarcelv met witli in the tropics, except on mountains. 

Qualities and Uses.— The plants of this Order generally possess acrid 
and more or loss narcotie-arrid prnpertic.s, some being virulent poisons. 
The poisonous proju rty resides in the watery juice, and is in most cases 
volatile, and capable of dissipation bv heat, or even simple drying, and by 
iiifu.«ion in water. It appears to be lieighteued in power by acids, spirits, 
sugar, ite. The spi'cirs of lidUHwnlm (('rowfoots or lJuttercups) are acrid 
when friisli, e.sp'cially It. mlmitim and It. FUimmuhi. Similar properties 
prevail in tlie tribes Vlfiiiatidfer and Anemoitcer. The Ilcllcborcfe an* the 
most active of tlie Hauunculacea*, the species of Aconitum (Monkshood) 
being among the most dang'-rous of poisoiiou.s plants, and eontaiuing an ex¬ 
tremely powerful alkaloid, nnmitina. The species of tliis genits appear to 
differ in the quality of their juii'e.s when grown under varied conditions,* 
somewhat like the. Hemp plant, since the roots of the most poisonous of 
them are said to be eaten with iinpimity in the higher parts of the Ilima* 
layas. The species of .\conite have been much coniu-sed by botanical 
writers: A. NupeUm and ^4. Cniiiiiinrutii (pnniailattim) are well-known 
poisonous Furo]>ean Monkshoods; ami, according to Dr. Hooker, the cele¬ 
brated “ Bikh ” poison of India is obtained iudiscriiuinately from A. AVi- 
peHiiii, liiriibini, and palmitum, as'Well a-s from A.fcrox, L., which was 
stipposed to be the sole source. The yellow A. Lycoftmwm of Central 
I'iurope is far less active. The .■^ewis of Detphimum Sliijihtsapria (Staves- 
acre) are drastic purgatives and eineti<‘s; the Helltbores, He)khoni.<i niger, 
oruiitiilk, and fatula es)>eciallv, are likewise violent evacuants, and the 
Pteonies fall into the same category. The bt'rries of the Actetr are poi¬ 
sonous. Some of the milder plants'are used os tonica on account of the 
powerful bitter they contain, as the Yellow-root (llgdraiftU canadeims) 
and the Gold-thread ( Coptk trifoUuta), botii North-American plants. The 
pungent seeds of NigMi tafiva were formerly tised as pepper. 

Many of the llanunculaceic aro favourite ga|xlen plants: for example 
the species of Clematis, Anemone, liamaxeHhu.EranAu (^Vinter Aconite), 
Uelkbonts, NigeUa, AMegia (Columbines), JMphimwn (I-arkspurs), 
Aconitum (Monkshood^) and Paopia. Many of them icaolly become 
double under cultivation. 
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Order IL DILLENIACEJS. 

Ciass. Polycarpicfc, JEmil. All. Ranoles, Lindl, Coh. Kanales, 
Benth, tt Hook. 

359. Diagnosis .—Trees or shrubs with mostly alternate and 
leathery leaves, destitute of stipules ; an imbricated 5-merous calyx 
and corolla (the former persisU'iit ); numerous hypogynous .stamens ; 
2-5 distinct or rarely coherent carpels (sometimes 1); seeds several, 
2, or 1 by abortion, arillate; albumen fleshy. 

Illustb.vtive Gexeha. 

Dillftiia, L. Candollea, Tabill. 

nibbertia, Andr. Hemistemma, Cornmni. 

AfOnities.—Connected with Rannnculacea> by mnuy important points 
of strijcture, these plant.s art' at once distingui.thable by the arboresct'iit 
habit, the persistence of the calyx and the .stamens, and the arillate act'd ; 
they are eyen nearer to the Mugnoliaeeie, but have no stipule.s, and the 
plan of the flower is here o-merous; they are also related to tlie .Vmi- 
nace®, which, however, have a valvato calv.x and ruminated albumen. 
Some of the genera (itemidemma, rieurinidra) have all thi; stamttns on 
one side of the flower; others have them united into separate hundli's. .V 
relationship between this (.)rdcr and iho Tem.strceiniacote is estnbli.shtid 
by the genus Satiraja. 

number and Dtstrlbntion.—A .small group, the species of which are 
natives chiefly of India, South America, and Australia; a few aLso of 
Africa, between the tropics.' 

Qnalltiea and Uses.—The general character of thi.s Order is astringency, 
which renders some of them valuable in Jkazil. Some of tho Jlillcnirr 
are valued in India for their nci<l juices. 

Most of the specic.s of Dillmia are v<'ry handsome, both as to foliage and 
blossom; and some of the larger kinds yield liard, durable timber: several 
species are cultivated in large collections of.stove or greenhouse plants in 
tnis country, where they are evergreemsbrubs; DAimtt and Trtracera are 
stove climbers. 


Order III. MAGNOLIACEyE. 

CkuB, Polycarpic®, E»dl. All. lianales, Lindl. Coh. Raiialcs, 
Benth. ft Hook. 

i 

360. Diagnosis .—Trees or shrubs, with the leaf-buds mostly 
sheathed by membranous stipules; Icavc.s alternate, simple; flowers 
regular, polypetalous, hypogynous, polyatidrous, polygynous; the 
calyx and corolla coloured alike, in three or more 3-mcrou8 circles, 
imbricated in the bud; fruit of nulncrous dry or succulent, dehiscent 
or indehiscent carpels ; the seeds oftcu with a fleshy testa like an 
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aril, and suspended by a long funiculus; albumen fleshy, homo¬ 
geneous. 

Ii.LrsTiiATivE Genera. 

Tribe 1. Maqnoi.te.e, Ciirprln Tribe 2. Wintered..' Carpels in 

arrnnped m a cone; /cares scarce/p a circle.; leaves with transpareid dots; 
dotted. stipules often wantinej. 

Magnolia, Z. Tirimys, R. lir. 

LiriodeiKlron, Z. Ulieium, Z. 

Affinities. —Closely related to Dilleniaceic, this Order is distinguished 
by the d-iin'rous ilotvers, ami in inanv ra.ses bv its'stipuh^s; from the 
• Anoiiaceie it is separated b_v its imbricated corolla and its lioiuo.geneous 
Hlbumen. 'I'he convolute stipules enclosing the leaf-buds of Maynotia 
rf'mind us of tin' stipules of Fieus and other Crticace.'B. The character of 
the dowers indicates a relationship with Schizandracea;, which, indeed, 
an’ combineil Avith tinuii by Hentham and Hooker. 

Number and Distribution.— .V small group, the greater number of which 
belong to the Southern States of Xorth America ; some occur also-in the 
AV<Mt-India Islands,in .lajian, Chinn, and India. ThTim/sand Tasmnnnia 
belong to the extnuue south of South America, to Australia, and Xew 
Zealand. 

Qualities ond Dscs. —Bit ter tonic properties in the bark and excessively 
fragrant blossoms ip- the most sinking qualities of the plants of this 
Order, whieh are cnielly handsome trees or slinihs, with broad shining 
foliage and often very large th wiTs. The harlis Maynotia ylauca.yrandi- 
Jlortu Frazeri, Ae. are used extensively in the T'nited States a.s aromatic 
tonies; Mtchelia monlaiia^Aranosletidron eleymi.s.anil Liriodendron tidipifera 
have similar propertii's. The odonr of Mayiio/ia yrandijlorn, commonly^ 
cultivati'd in this connlrv, and of M. ylavea and M. tripelaJa, is so powerful* 
as to iKJComo voiy opju'essive in close places; the last two often induce 
headache, and, it is said, .sickiu’ss. and even fever. The .speciesof Illicium 
ari> aromatic: lUichnn /(.(/.Mfri/ei.Star-.Anisc, is so called from the flavour 
of aniseed in the whole )»bint, e.s|>. cially the fruit, whieh yields an aro¬ 
matic oil. 1 .Jtoridannin ha.s similar properties; and the seeds of Z. reli- 
yiosuni are burnt in their temples by the Chinese for incense. The bark 
called Winter's bark is that of I/riniys IViideri; and other sjiecies of 
Driniys and Tasmaiinia have similar aromatic and tonic properties. .Some 
of the larger species of MaynoUa. Miehelia, ami other genera are valued as 
timber trees in India. M'any plants of this Order are cultivated in this 
country on accomit of their beauty or fragrance; some are hanly, as various 
Magnolias and the Tulip-tree {Lirioflenanni) from North .-Vnierica. Some 
of the Chinese and Ifimnlayan .Magnolia.s have dcriduoH.s foH.sgi’ and 
magnificent flou-ers, such ns Si. Cainphelli qjid M. Yulan : others ore grt'en- 
house or stove shrubs, such as the species of Illicium and the more tender 
Magnolias. 


E 0 
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f'^RDEB IV. ANONACEiE. The CtrsTABD-AppLE Order. 

Clofs. Polycarpicoe, .EW<i7. AU. Rnnalos, Lind/. Coh. Ranales, 
Lenth. et Hook. 

361. Diagnottis .—Trees or shnibs with naked buds and no stipules; 
thalamus usually convex ; calyx of three sepals; corolla of six petals 
in two circles, usually valvate in the bud, hypogjnious, sometimes 
coherent; stamens with an enlarged connective, mostly indefinite, 
on a large torus; carpels usually numerous, separate or cohering; 
seed with ruminated albumen. 

lLi,u.sTnATiv>; Gexeua. 

Eocagea, St.-HU. Dugtietin, St.-HU. 

Xylopia, L. Anona. L. 

IJvana, L. Monodora, Dun. 

Affinities.—This Order is separated from the Magnoliacpfe in general by 
the absence of stipules, the valvate aestivation of the corolla, and the form 
of the anthers; but stipules are not universal in the Magiioliace®, nor is 
the corolla always valvate here. The most chamcteristic features in the 
Anonaceae are the trimeroiis flowers, the double corolla, the fonn of the 
anthers and carpels, and the ruminated albumen, which latter indicatt's a 
relationship to the MiTisticacem, an apctalou.s Order. Several remarkable 
deviations from the general character of the Order exi-st, s\ich as the cohe¬ 
rent condition of the hom-like petals in Rullima, the detinitn n>imh(‘r of 
^stamens and carpels in Rocaf/co fwhich is isdated to the llerheridacea* and 
the Menispennaceoe), and the concave thalamus, the sepals and petals com¬ 
bined to form a hood, and the perjgj'iious stamens of Eupomalia laurina. 
Monodora has a single carpel. 

Hninber and Diatribntion.—not very numerous family, the species 
are natives of the tropical regions of Asia, Africa, and America. 

Qnalltlea and TTses.—The Anonacese are allied to the Magnoliacffc by 
their general aromatic and fragrant properties. The dry fruits are mostly 
aromatic and pungimt, while the succulf'nt kinds are sweet and agTeeable 
esculent fruits. Tlie Custard-apoies, Sweet-sops, and Soiu'-sops of the 
West Indies, and the Peruvian Cherimoyas are the fniits of .spi^cies of 
Anona. The fruits of Xylopia nrwnniim are used as pepper by the frican 
negroes (Piper adhiopieuni). Monntlora Myrintica, tno Calabash Nutmeg, 
has qualities resembling the true Nutmeg. I.ance-wood, u.sed for making 
shafts, bows, &c., fs said by Schomhurgk to h*; the wood of Dugvetia qui- 
tarermt. Some of the species of Anona, Uvan’a, Xy/opia, &c. are some¬ 
times cultivated in stoves in this country, forming evergreen shrubs. 

(The Monimiackas are aromatic trees or shrubs with opposite leaves 
without stipules; flowers axi][lary, diclinous; perianth in 1 or 2 circle^, 
tubular below; stamens numerous, in the tube; ovaries several, free, and 
distinct, enclosed in the tube of ^Jie perianth, 1-celled, 1-seeded; seeds 
pendulous; embryo minute, on the outside of abundant fleshy albumen, 
^is ia a small Oraer of plants belonging chiefly to South America, but 
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occurring also in Madagascar, Java, Australia, &c.; sometimes combined 
with the next family, and usually referred to the neighbourhood of 
Lauraceoe, from which they are distinguished by their apocarpous ovaries,, 
but, like the Atherospermacese, standing properly in the vicinity of the 
Anonacese, along with Myristicacese; for some genera are dichlamydeous. 
They are also related to Calyeanths and Roses, out they differ from these 
Orders in their opposite exstipulate leaves and albuminous seeds. Bentham 
and Hooker place them near Magnoliaceae, to which their aromatic proper¬ 
ties ally them. They are not of importance economically; the fruit of 
Jioldoa is eaten in Chili. Genera: Mommia, Thouars; CUrosma, R. & P.; 
BoMoa, Juss .; Hortonia, Wight.) 


Order V. MENISPEE-MACEiE. The Moon-seed Order. 

I'hm. Polycarpicai, All. Menispermale.s, Lindl. Coh. Ranales, 

Jieiiih, el jtook. 

302. Diagnosis;. —Woody climbers, with palmate or peltate .alter¬ 
nate leaves, without stipules; flowers dioecious, rarely perfect or 
polygamous ; sepals and petals similar, in three or more circles, 
imbricated or valvato in the bud; stamens usually 0, opposite the 
sepals and petals; pi.stil 3-0-gynous; fruit a l-seeded drupe, with a 
largo or long curved embryo in scanty albumen. 

lLr,i:sTi!.i.Tn'n Genera. 

Anamirtn, Caleb. • Cissampelos, L, 

Jateorrhiza, Mien. Cocculus, IJC. 

Menispermum, Tmirurf. 

AfiUnlties. —This curious Older is related to the AnonaMiB and the Ber- 
beridaceic tlirougb Itwtujea. l‘•ip^>cially when the flowers are perfect. Its 
nearest neighbours are Lardizahahieeie and ycbizandracea!, wnth which 
the plants agree much in habit. All these approach the Magnoliacoa;; but 
the habit, the geiiernlly mii.sexiial flowers, and the absence of stipules 
separate them from that family. 

This Order is very lieP'roniorphous in ahno.st all parts of its structure. 
The peculiar organization of the wood deserves attention, as does also the 
foliage. 

Number and DletribuUon.— A somewhat numerous group, the spijcies of 
which are natives of the tropics of Asia' and America, forming woody 
climbers of great size in the forests. few ate found in more temperate 
regions, but none in Europe. 

QunUtlcs and Uses. —Narcotic and bitter broperties of considerable power 
occur in this Order. “ Cocculus Indicu8,’^coutaining the poisonous prin¬ 
ciple picrotoxine in the seeds, consists of the berries of Amnuiia patii~ 
culata-, JiUeorrhiza Cnlumba furnishes “.Calumba-root;” different species 
of Ci»Mmpelo», especially C. Pareira (“ Parcirs bravs are used as tonics 
and diuretics. ^ 

Species of Coeculu* and Citnampeios are gro'wn in stoves in this country ; 
some of the North-American Menisperma grow as hardy climbers here. 
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Order VI. LARDIZABALAGEiE. 

363. A small group, referred by Benthnm and Hooker to Borberids, and 
by PeCandolle to Menispernis. From the fonner they differ in their 
diclinous flowers, monadelphous stamens, sutural dehiscence of the anthers, 
and more numerous ovaries. From the latter they differ in their more 
numerous ovules and small embryo in copious solid albumeu. 

iLH'STnATIVE GenEUA. 

Hollboellia, WdR. j Stauntonia, DC. | Lardizabala, Ruiz ei Pav. 

■ The species are mostly from the cooler parts of Asia and South America. 
The berries of some are edible. Ilollbailin and Stauntonia (Nepal) have 
been introduced as greenhouse evergreen climbers. 


Order YII. SCHIZANDRACE.E. 

364. A small family regarded by Beutbam and Hooker (Us a tribe of 
Magnoliacete (see p. ’201), from which they differ merely in their climliiie 
habit, exstipulate leaves, diclinous flowers, and fle.’by 2-3-.seoded caroel 

iLnusTRATnn Genera. 

Kadsiutt, Jim. .‘^ph.'erostonia, R/uin. 

Hortonia, If'iy/it. Scbi/.undra, Z. ('.Rich. 

' The species belong to India, .Japan, and the S. I'uited States. They 
are insipid and mucilaginous. Sciiizaiulra cociiiiea (.Vorth .Vuu'rica) is a 
handsome greenhouse plant; Splicero.ttriiui iNepal) has been introduced 
in stoves. 

(A small Order of East-Indian plants, SAniACr-.E. arc related to the 
Menispermacere in the circumstance that the sepals, petals, stamens, and 
ovaries are aU placed ‘‘opposite'’ to eacli other, but they have •l-nierous 
hermaphrodite flowers ami a syncarjious pistil. By Bentiiani and 1 looker 
they are placed near Sapindaceae.) 


Order VIII, BERBERIDACE.E. The Berberry Order. 

CTass. Polycarpicae, JEn^. AU. Berberale.s, Lindt. Coh. Banalcs, 
lienth. vt Hook. 

365. THagmsis .—Shrubs or herbs, with regular hermaphrodite 
flowers, with the sepals and petals both imbricated in the.bud in 
2 or more circles of 2-4 each (fig. .340); hj’pogynous stamens as 
maay as the petals and oppositfe to them; anthers opening by 2 
(j^ured yalves. 
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Cluiracter. 

Cahjx with 3-4-6 di’eiduous sepals, surrounded by petaloid scales. 

OoroHa ; petals hypogynous, as many as the sepals and opposite to them, 
or twice as many, sometimes with a basal appendage inside. 

Stamens equal in number to tlic petals and opposite to them, the 2- 
cellcd anthers opening by a recurved valve to each cell, or rarely 
suturally {Podophylluni). 

Pistil: solitaiy,free, 1-celled ; somewhat lateral; stigma 

orbicular; placenta sutural; ovules anatropous, numerous or in 
pairs, ascending or suspended. 

Fruit baccate, or dry; secih cnistaceous or membranous; embryo 
straiglit in the centre of fleshy or homy albumen. 


Ini.rsTnATivE (JicxEnA. 

lifrbi'ria, L. Epimcdiuni, L. Oaulophyllura, Mickv. 

( Nufl.) Leonticc, L. Jell'ersonia, Zfarf. 


AfflTiifics.—To Uauuucnlacoie this Order is related closely by/e/frrsoma 
and Piiilii/thi/Hu/ii. Fjiiiiii iliiiiu allies the Clnler to Fumarinccte. The con* 
Iin with th Ammacen'throned) 7/oefu/f'«has .,,q 

tiei. ’.'efeiTi o to above. Thev differ from-Meiii- ’ 


.sperni.s, to which their liond ai’ningt'inents ally 
til 1 ) 1 , i’ their herninjihi'odite flowers and small 
finhvvri. The I'emarhahle mode of dehiscence of 




the anthers connects thi.s ('-der in that respect 
with I.auraccm and Atherospermneeje among the 
Monochlamydcm. < 'aulnplailhiiu thalictr-u'ilis, a 
:>orih-Aiiicrican plant, is iiitei'esling from the 
devehipnient of its fruit; the pei-icaqi dehi.sces 
verv eBi-lv, and the two si.ed> Imi-st out and 


i«nr^ OR 



Dintrram of the floxtt-r of Fpi- 
inedium : a. <i. liraeteoles. 


ripen into mdred beriw-likc Imifii's with a succulent testa. The loaves of 
the.se plants art' simtdi' or coinponnd. sometinie.s redticcd to the conditio!) 
of .sjii.'ies (§ KWi The I’i])*' antiiei-s po.ssess a jieciilinr iiTitability, which 
causii.s their valves to inrn hack aiul burst when touched. 


Distribution. — .V small (Irder, the .species of which arc natives of tem¬ 
perate climates in .Vnierica, Ivnropc, and the nnrtheni part of India. 

Qualities and Uses.— The bark of the root of some of the Indian .sjiccies 
contains a bittt'r iirinciplc, tui which accotint it is ii.sed ns a tonic in 
fevers in lieu of quinine. The Ik'rhei-rv (the fruit of Berberis ruJyaris) 
and the fruits of other species are acid and a.stringent, and nrv> eaten pre¬ 
served. The stem and hark an' used hv dyers, both on aeooiuit of tneir 
astringe.nt properties and lus ingredients in a yellow dye. The rhizome of 
Podophyllum peltatum furnishes a resin wliieh has purgative properties, 
and IS much used ns n substitute for mercury. The leaves of this plant 
ore narcotic; but the berries are edible. 

Berberis fulyaids is a Uritish plant, often cultivated on account of its 
beautiful scarlet berries; the evergreen Herberaecm, B. Aquifoliutn, &c. 

Nutt.), are also extensively planted ou account of their shining 
pinnate leaves and the grey bloom on their black berries. Bpimedium 
alpinum is a rare British plant, found in the northern counties. 
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, Order IX. NYMPHiEACE^, "Water-Lilies. 

Class. Nelumbia, JEndl. All. N 3 rmjnhales, Lindl. Coh. Ranales, 

’ Bcnth. et Hook. 

36(5. Diagnosis. —Aquatic herbs with cordate or peltate floating 
leaves, and solitary showy flowers, proceeding from a rhizome growing 
at the bottom of the W’ater; the partially petaloid sepals and the 
numerous petals and stamens imbricated in several rows are partially 
or wholly adherent to a largo fleshy disk; the numerous carpels 
combined into a many-celled compound ovary, with radiating stigmas 
on the top; ovules all over the spongy dissepiments ; erabrj’o minute, 
enclosed in a separate sac at the end of the copious albumen. 

Illustuatitt: Gkxera. 

, NjTnphma, Neck. [ Victoria, Lindl. 

Nuphar, Smith. j Euiyale, Salisb. 

Affinities.—The relations of this striking Order are varied, and some 
difference of opinion exists among botanists even as to their position in 
the two great classes of Angiospennoiis I'loweriug plants. Tne embryo 
appears to bo truly fHcotyledonous; and if we range tlie Nyiuplueaccfc in 
that class, they naturally approach the Papaveracere in the character of 
the ovary, and with tliese likewise the I’ntony tribe among the liami- 
culnce®, especially the kinds with a highly developed disk. The cha- 
'riicter of the floral envelopes and stamens allies them to the .Magnoliace®. 
The Xelumbiace® and Cabombaeoic are immediately connected with 
them. From a mistaken view of the structure of tho seed, regarding the 
vitellus or amniotic inner endosperm as a cotyledon Richard 

assumed that this Order was Monocotyledonotis; and although it has 
proved that this account of the structure of the embryo was incorrect, the 
plants are so anomalous in many respects, that it is difficult to demdo as 
to their clasest relationships. The structure of the rhizomes is quite that of 
MonocotyledonoiLS stems; the habit relates them to the 1 lydrochnridacece; 
and the "structure of the ovaries indicates some affinity with Alismacenc. 
When, however, we regard the Dicotyledonous emhryo and its germination, 
the quaternary or quinary plan of tho flowers, and the nettcsl ribbing of the 
leaves, together with its close relation to the Dicotyledonous Orders above 
named, the Wllance of characters is strongly in favour of its reference to 
this Class. Nymphasacero are very interesting in structural respects—as, 
for example, in the anomalous'condition of the rhizomes, the remarkable 
development of the leaves in Vu-toria, tho curious ..accession of forms 
between petals and stamens in the raany-whorled envelopes of the flowers 
of Nyrmmaa sod Victoria, the various deprees of development of the 
disk and enlarged'receptacle, ranging from Nughar with a superior ovary 
to Ftie^orta with its ovary sunk in, tho receptacle and its stamens sn'd 
envelopes xalsed on an annular disk, the seeds growing all over the disse¬ 
piments, iUkthe peculiar condition of the albumen. 
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Dlitrlbatlon, —A small family, the species of which are distributed 
throughout the worlds more rarely in the southern hemisphere. 

Qualities and XTms.— These plants are said, on doubtful authority, to be 
sedative and narcotic. More important characters arise from the presence 
of starch in the seeds of various kinds of Nympheea, of Euryale and 
Vtcioria, which are used as food. The com-like rhizomes of some 
Nymphieas are eaten in Scinde, others in Western Afirica. Among the 
most romarkahlo plants of the Order is the Vi'-fori-n reyia, a native of the 
rivers of equatorial America, with its enormoue circular leaves and beautiful 
flowers. Our native Water-lilies, the white (Ni/mpha-a alba) and yellow 
(yu/ihar Ititea), are both .striking objects, and the cultivated Nymphaa 
cfprulea and the crimson N. i-uhra illustrate the brilliancy and variety of 
colour in this beautiful Order. N. yiyantea, a blue-flowered Australian 
species, has floweis almost as largo as those of the Victoria. 

(CATiOMnAOEA!, Consisting of only two species, of the genera Cabomha 
and Urofenia {Hydropeltu'),tm' sometimes separated from Xyinphajaceoe, of 
which they arc a reduced fonn, with definite sepals anil petals, nypogynous 
stamens, and di.stinet carpels with styles inserted on a flattened torus, 
and containing one or two ovules on the dorsal suture. They are closely 
allied to Uanuncidacea', but difi'er in the embryo enclosed within a double 
albumen. Iloth genera occur in America, and Brasenia also in the East 
Indies and .\ustralia.) 


Obdkk X. NELU:MBIACE*1i:. Watek-Beans. 

3(17. Large aqtiatie plant,s, like Water-lilies, but with distinct carpels, 
forming acom-.shaped nuts separately imbedded in carities of a large top- 
shaped receptacle. Seeds solitary, cxalbuminous. 

Affinities, *c.—This (Irder comsists apparently of the two species of Ne- 
hwtbium —.V. s/vcinsum, supposed to be the .‘lacnHl F.gt'ptian llean, found 
throughout the East Indies, but no longer in Egypt, and N. Ivitwn in 
Nortli America. They are nearly related to Nnuph.Tace.T, through Oa- 
bombacea?; and both arc included in that family by lientham and Hooker. 
The enlarged receptacle of the fruit is very curious, and the peltate leaves 
raised above the water on long stalks are remarkable objects. The nuts 
are the ripened carpels, which arc containwl in separate sockets in the top 
of the receptaclo; the seeds have large flat fleshy cotyledons applied 
against theplumule, which is unusually developed. The seeds, os also (he 
tubers of iA. lutmm and the rhizomes of N. fpeciomm, lU'o esculent, Ik'ing 
full of farina at certain seasons. 


Ordee XI. SARRACENIACE.E. 

.368. Polyandrous and hypogjTious Bog-plants, with hollow pitcher¬ 
shaped or trumpet-shaped leaves, and regular polyandrous hypogynous 
flowers. ^ 

ll.LUSTRATlVK GbNERA. 

Sarracenia, L, | Heliamphora, BetUh. | Darlingtbuia, Ton. 
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AfBnltles, Ac.—These curious plants, chiefly remarkable for their ano¬ 
malous leaves, forming ascidia (§ 101) or pitchers, are few in number, eon- 
‘ sisting of a few species of Sarracem'd in the United States, a Darliiif/fom'a 
in California, and Heliamjihora in Guiana. Sarracenia has a very large, 
angid.ar, jieltate stigma, while that of Ileliam/diora is simple and truncate. 
tThey are regartled ns related, to Ranunculacem by the 4-5-merous and 
imbricated envelopes and the numerous hypogynous stamens, while the 
coherence of the carpels into a compound ovary’brings them nt the same 
time near Papaveracem; but the placentas are axile. 

Order XII. PAPAVERACE.E. The Poppy Order. 

Class. Rhceades, Endl. All. Eanales, Lindl. Coh. Pariotales, lienth. ct 

Hook. 

309. Diagnosis. —Herbs with milky (white or coloured) juice, al¬ 
ternate exstiptilate simple or lohod leaves ; flowers regular, 2-merous 
or 4-mcrous; .sepals caducous; polyandrous ; hypogn-nous; ovary 
syncarpous, 1-cellcd, with 2 or many parietfd placentas. 

Character. 

Cahj.v. sepnh 2, rarely .3, caducous. 

Corolla ; 4,,rarely 6, hypogynous, mostly crumpled up in 

aestivation. 

Stamens free and distinct, indefinite, hypogynous; 2-eelled, 

, bursting longitudinally. 

(h-artj free, composed of 2 or more carpels (very rarely distinct), 
1-cellcd; omde.? numerous, very rarely solitary; phtrentas broad, 
parietal, on the projecting incomplete dissepiments ; stijle short or 
none; stigmas radiating, double, oj)posite the iniperfcct dissepi¬ 
ments ; ovules anatropous or aniphitrojmus. 

Fruit capsular (fig. 342) with a number of placentas on imperfect 
septa, or pod-shaped Avith parietal placentas, the dehiscence val¬ 
vular or porous; seeds mostly numerous; embryo minute, straight, 
at the base o|| fleshy oily alMmen. 

lu.fsTiiATivE Gi:\F.n.\. 

Chelidonium, Tmvrnef. Papaver, Timrncf. E.schscholtzia, Cham. 
Argemone, Tournef. | Glaiiciuin, Tournef. Platy.stemon, lienth. 

jUdnitlea.—Taking the comm'on Poppies as types of ihig Order, we find 
‘amorked distinction from Kannnculacefe in the 2-inc.oiia calyx, the con¬ 
fluent carpels, and the milky juice; but the first two ofthe.se characters 
do not bold universally, since Argemone has .sometimes .3 sepals, and 
Platystemon has the carpels more or less dustinct, or united only slightly 
externally. Boceonia, with small flowers and no petaU, apiiroaches to 
Thaiictrunf. Mmistrous capsules of Papaver occur in gardens with the car- 
p^ p^y free, somewhat as in Nigdia. This Order is also related to the 
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NymphceacoiB by the generfll structure of tho flower of Papaeer; and the 
dissepiments extend quite to the axis in the Californian genus Romneya. 
Anotlier genus from the same region, Dendronieeon, has peculiar double- 
lined parietal placentas, and tho capsule bursts into 2 valves with the 
seeds on tho margins, as in Cistace®, The quaternary arrangement of 
the floral envelopes and the pod-shaped ovary of Eschscholtzia, Glau- 
ciutn, ChAidonium, &c. cause a close resemblance to Crucifer® and Cap- 
paridaceffi, from which, however, there is a marked distinction in the 
albuminous secils and tho narcotic inilky^juice; the tetradjuiamous 
stamens of Crucifer®, too, almost always amud a striking character; but 
a remarkable exception has been lately observed in an East-Indian poly- 


Fig. .141. 



Paparrr Capsule of FoppT (Pu^rer): a, txsasTerae sertion 

The Opium Poppy. o, sewl. 


androus Crucifer (Meyararptra jMiyandra). The nearest relatives of 
the Papaveraeero are the Fumariace.®, which are eomlijned with them as 
an irrt'gulnr form by some authors. The agreement is great in many 
respects; but tho Funiariace® have irregular flowers, diadelphons stamens, 
and a Wiitery juice: the genus iryjxvoum, however, hiu> the corolla nearly 
regular, and its 4 stamens are distinct; and Merviiella, in the present 
Crder, has hut 4-6 stamens; so that Jfyj>ccoum is mieway as it were 
iK'tweeu tho Orders. 

The structural points most worthy qf note here are the varied confor¬ 
mation of the ovary, and tho peculiar constniction of the stigmas by two 
lamellro from ailjoining carpels. There is a curious enlargement of the 
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receptacle of EsehschoUaa, with circumscissile sroaration of its coherent 
caducous sepals in the form of a conical cap. The stamens and petals, 
moreover, become perigynous in this genus. The sepals in most cases 
fall off when the flowers expand, so that they must be observed in un¬ 
opened flower-s. Milky juice, or rather juice which turns milky when 
e.xposed to the air, seems universal in this Order. 

Distribution. —The group is not a large one; but the .species occur in all 
parts of the globe, but sparinglv out of Europe (in a wild state). 

Qualities and Uses. —The milky juice of Papaveracece is very generally 

I iowerfully narcotic, sometiiiics acrid. Papaver nomniferum, the Opium 
’oppy (fig. 341), is the most important plant of the Order, the opium 
coasisting of the dried milky juice ohtamed from tlie unripe capsules 
(tig. 342). Its native country is unknown : hut it is largely cultivated 
in Turkey and the East Indies. Its .setals yield a fixed oil, whicli is quite 
harmless and is used both by it.self and as a means of adiilteratiiig olive- 
oil; the oil-cake is also used for feeding cattle. The .seeds of An/t-nioM 
7ite.ricima are narcotic-acrid. The j'tdlow acrid juice of C/ieliiloiiiuin miijiix, 
as also that of Boeconin frute-tretis, is poisonous, and is soinetinies used ns 
an escharotic. ramtdemU, the lllood-root or Puccoon, re¬ 

ceives the former name from the red juice of its root, which is empli'vcd 
in North .-Vnierica for it.s emetic and purgative properties. Met.-onopm 
nepalcnm is said to be very poisonous, especially in the roofs. 

Several plants of this Omer are wild in this country, as the four kinds 
of Red Poppy of our fields, the commonest of which is Pupaver Khirns. 
P. somniferum i.s a corn-field weed in many places on chalky soil; and its 
numerous double varietitw are to be found in most gardens, (ilaiivtum 
luteton, the yellow Horned Poppy, grows on our sea-shores; CMic/oiiiinii 
majug grows about hedges near \nllages, and is apparently an outcast 
from gardens; the other native plants of this Order are less common. 
EachichoUsia, a Californian genus, is now found iii every rarden; and 
'Platystemon, Argemoiie, and other genera are also cultivated here. 


Order XIII. FUMATIIACE/E. The Fumitory Order. 

Class. Rhoeades, Endl. AH. Berberale.s, Lindl. Coh. Paiietales, 
Beitth. I't Honk, 

370. Diagmsis .—Delicate smooth herbs with watery juice, tli.s- 
sccted leaves, irregular flowers, with 4 partially united petals, 6 
diadelphous or 4 distinct stamens; ovary’ 1-ccllod, 1-sccded, or 
several-seeded with two parietal placentas. 

Character. 

Calyx : sepals 2, caducous. 

Corolla : petals 4, irregular, in 2 circles. 

Stamens hypogynous, rarely 4 and distinct, opposite to the petals, or 
6, diadelphous, the parcels opposite to the outer petals each with 
s ceatrar2-celled anther and 2 lateral 1-cclled anthers. 
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Ovary free, 1-celled; style filiform; stigma with 2 or more points; 
ovvles horizontal, ^mphitropous. 

Emit : an indchiscent 1 - or 2-sccdcd nut, or a dry 2-valvcd or sue- ■ 
culcnt indchiscent mariy-secded pod; seeds shining, mostly arillate; 
embryo minute, abaxial, straight or curved, in fleshy alhiimen. 


iLLUsrnATiVK Genkr a. 

Dicentra, Borkh. | Fumaria, Tounuf, \ Ilypecoum, Tonmef, 

Affinities,—Tlic close relationship to Papaveraeea) has been pointed out. 
BA'ntliam and Hooker indeed include Fumitories under that lamily, Ily- 
pecuiim, with its four distinct stamens, diverges from the ordinary type 
immediately towards that Order. The number, form, and arrangement 
of the floral envelopes mark an affinity to the Jlorberidacete, wliieh like¬ 
wise have stamens opposite to the petals. A further relationship exists in 
tlie direction of Crueifera;, concerning wdiich, however, authors are at 
variance, on account of the curious condition of the diadelplious .stamens 
here. As stated above, tlie two parcels each bear a central 2-celled 
anther with a single anther-lobe on each side. Lindlev and Asa Gray 
regard these parcels as formed from four stamens, the two lateral of which 
are split, semting lialf an anther to the posterior, and the other half to the 
anterior parcel, otieriug an illustration of ehuritis (§ 14i)): this would be 
in agremiient with the four stamens of Iltipecoiim ; but six are .said to occur 
here sometimes, which would favour fiay’s view', that the plan of the 
stamens is like that of Crucifern*, and their nonnal muinber (>. Probably 
there are but two .stamens origiuallv, from which the lateral one.s are sub¬ 
sequently produced. Findley is also inclined to think that the so-called 
sepals are reallv bracts, and the two outer petals sepals, which would render* 
the position of the staminal bundles oppo.site the outer petals (sepals) nor¬ 
mal ; but the rclatiou.ship to llerberidacea* is again.st tnis. The mode in 
which the horned .stignni.s pu.«h themselves against the extrorse anthers in 
the blo.ssom of Fumaria, wdiile the petals cohere bv then- tips, is worthy of 
e.xamination, as also are I he modifications of the staminal bundles in 
Fumaria, Dicnitra, Ac. The long pod of Jlypvmim has transverse spurious 
septa between the seeds. 

Distribution.—The species are not vert numerous, and are mostly found 
in the temperate parts of the Northern Hemi.sphere. 

Qualities and Uses,—Mild bitter, sometimes rather Acrid, and with 
slight diaphoretic and aperient properties, but of little importance in this 
respect. The genus Fimaria has a nuniKw of rather doiintful species in 
this country, Curydalis clavictdata is not veiy rar<‘ in .woody places: and 
several tuberous-rooted species of Cort/dalis are found as hardy herbaceous 
plantain our gardens. JHcetitra (ihV/y/rA) epectabUis, a handsome Chi¬ 
nese species, is now gi-eatly cultivated as on early-llowering greenhouse 
plant, which is hardy in some situations. 
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Order XIV. CIIUCIFER.E. Cross-flowers. 

Class. Khccades, £»J/. All. Cistoles, Lindt. Coh. Pariptalos, Itenth. 

el Hook. 

371. Diagnosis .—Herbs with a puns'ent watery joieo, cruciform 
4-mcrous Howers, and tetjadynamous stamens ; fruit a siliquc or 
sUicle; seed exalbnminoiis. 


Character. 

Cahj.v : sepals 4, deciduous, imbricated or ralvatc in tlic bud. 

Corolla : ptetals 4, distinct, stalked, arranged in the form of a cross, 
alternating with the sepals (fig. 343). 

Stamens tetradynaraous (fig. 344), a _ Fig. 343. 
single short one opposite each lateral 
sepal, and a pair of long ones oppo- / 
site the anterior and the po.sterior' 
sepals, with small glands inten’e- 
ning between the stamens on the 
receptacle. 

Ovarg solitarj', 2-colled by a spurious 
dissepiment (rejdum) extending 
across from the middle lino of tho 
two parietal placentas; stigmas 2, 
sessile, opposite tho idacontiis. 

■n •. /i5_ oi£»\ ’T 7 a,ertninf.irmflow. r; 

Fruit \ ti Slhfj^UC •340) or ft SiIicIb petal; r, tPtrmlynumoiis 

(fig. 347). usually 2-cclled by the 

rcplum, from which tho valves separate in dehiscence, leaving the 
placentas as a frame ; or 1-eclled from the imjjcrfection of the 
rcplum (fig. 347), and inddiiseent or breaking across at constricted 
places; seeds generally pendulous in a singlo row on each pla¬ 
cental margin, the two rows either intercalated in one line or in 
two collateral lines on tho replum; emhryn with the radicle variously 
folded on the cotyledons, without albumen. 



He Candolle has divided this large and very natural Order into 
Suborders, founded on the mode of folding of the embryo, thus:— 
1. PUurorhiza: {Q=), with, ‘ihc radicle turned round the sides or 
edges of tho flat, aecumbent cotyledons ; 2. Notoi kizce (0||), with the 
radicle folded against tho back of one of tho flat, incumbent coty¬ 
ledons; 3, OrtJioplocens (0» ), the radicle similarly folded, but the 
incumbent cotyledons longitudinally folded (induplicate) so as partly 
to surround,it; 4. Spirolobecr (0;!|!), the cotyledons linear, incum¬ 
bent, and folded or rolled over on themselves and against tho radicle; 



THALAMIFLOILa:. 213 

5. Diplecohbeo’. (Olilijl), the cotyledons linear, incumbent, and twice 
or thrice transverse}}- folded. 


Fig. 346. 



Fig. 341. 8Uu}i«*ns and pistil of CAomm/Au*. 

Fig. 34»V Ground-plan oftln* n<mer of Chexranthu*’. th<* front. 

Fig. 346. ilurst sihquc of.Vraafi.*. 

Some writers establish Suborders on the characters of the fruit> 

Fig. 348. Fig. 340. 



t 

Fig. 347. Biliolo of it, onfin*; A, ctos? ytvtion. 

Fiji. nis. J}ur(*t silicU' <.f Thh/^fu. 

Fig. 34P. Hufd of Kfi/xiiifU'ii t«! YiTtifnlly: ti. fuuiouUiB. 

using those of the embryo for subdivision, thij.s:—1. Sih'tfvimr. 
witli a silif|ne opening by valves; 2. SiUculostv lafisiptfr. with a 
silicic opening by valves, the replnifl iu the bniader diameter; 
:i. Silictilogo' aiupistigeptie, a valved .silicic with tlu< replum in the 
narrower diameter; 4. KucuttH nimcifr, with an indcbiscent silicic, 
often 1-celled without a replum; o. S(pttthti.r, with the valves 
bearing tninsverso septa in the inside j 6. Lomentac^ir, with a pod 
breaking acros.s into 1-seoded pieces, sometimes with a 1-2-seeded 
beak above the abortive tnio ^kkI. llcntham and Hooker's arrange- 
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ment closely corresponds ^vith this; but the Suborders are all more or 
less artificial. 

Illustr-ative Gknkra. 


Cheirantlius, 11. Sr. Thlospi, Dill, Lepidium, S, Br, 

Matthioln, R. Br. Iberis, B. IhRsaica, L. 

Na.stiu'tium, R. Br, Cakile, Tournef. Sinapis, Tournef. 

Arabis, L. Malcolniia, R. Br. Oranfbe, Tounief. 

Aubrietia, Adans. Ilesperis, L. Kaplianus, Tournef. 

Alyssum, L. Sisymbrium, L. Senebiera, Pnir. 

Erophila, DC. Erysimum, L. Subularia, Adans. 

Coculearia, L. Capsella,. Vent. Scliizopetalon, Ilook. 

AfflnltiM.—The relationsliips of this Order to Papaverncem and Eu- 
maiiaceac, and tlience with the Apocarpous Orders standiiifr near, have 
been dwelt on already. With the Capparidaceie the ajfreement is still 
closer, in the jreneral character of the flower and in the sianls; but when 
that Order ha.« so few as six stamens they are not tetradvnamous—an 


almost universal condition in 0rucifenu. The true nature of the plan of 
the anonifdous flower of thi.s Order is a subject of considerable contro¬ 
versy. The two lateral sepals are attached hifrlier up than the other two, 
the four petals are in a sinjrle row. Lindley and many others rcfrard the 
si.x stamens as belon^insr to two circles of four, the outer of which has 
always two stamens abortive, while the inner pairs should normally .stand 
singly before the four petals: if the (rlands in the receptacle are to’ be r>'- 
garded as abortive stamen.s, which is plausible, this structure really does 
e.xist in Br^sirmim-rernffskimium, where the two glands stand ojiposito 
two sepals and form a circle with the two short stamens; but there ap|)enr 
to be as many as si.v glands in some (drucifer.s, which involves the I'xi.'tence 
of three staiiiinal circles: as a polyandrou.s form {Mer/iiriir/uea poli/undrn) 
ha.s been met with, we may even admit this. Moquiu-Tandon ahil ^\^•bb 
regarded the stamens a.s normally four, tlu; pairs Ixdiig formed by c/iurisis 
(§ 149). .\s to the ovaiy, it seems mo.st .simply oAplained ns compo.>.e(l of 

two carpels with ,i spurious dis.scpiment, the stigmas (mpo.site the placenta.s, 
like those of i'ayjrtccr,being double and composed ofa half from each cnqad, 
just as the placentas are. The fact that Iburcaqiels are^omefimes found 
in monstrosities, and are constant in the genus Tr/racellion, merely indi¬ 
cates a return to a .syramcUricnl condition, ordinarily interfered with bv 
suppression of two carpels. The most reci ut' views as to the structure (if 
the flower are those of Eichb-r, who ntfirms the existence of chorisis in the 


long stamens. Ilis notion is that the flowers of Crucifers consist of two 
antero-postcrior sepals, two lateral ones, fi.ur petals crossing the lateral 
sepals diagonally, twft lateral .short stamen.s, two antero-postcrior long 
stamens split into two, and two lateral carpels. These views are adopted 
after an examination of the development of the floi'tg, in which there are 
first to be seen two tulK-ftiles for tne fore and aft .sepls, then two for the 
lateral sepals; the four petals origrinate simultaneously; the two short sta¬ 
mens arise opposite the lateral .sepab, the two other s'taminal tubercles are 
subsequently developed at a higher level than the prectsling and decu.<<sate 
with tnem; these two after a time become notched, the notch gradually' 
deepens and ultimately forms two xfistinet stamens. As a rule Crueifere 
hare in the adult condition bractless flowers; a few species have bracts 
normally; and they sometimes occur as abnormalities. 
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Dtstrlbntion. —This large Order very natiiral, and, as usually happens 
in such cases, the genera are very difficult to define. The species are 
most abundant in temperate and cold climates, and seldom found other¬ 
wise than on mountains in the tropics. 

Qualities and Uses. —The general character is antiscorbutic, the watery 
juice being often pungent and occasionally acrid. The seeds yield oil, which 
IS contained in their cotyledons. By cultivation the acrid juices tecome 
milder, and the structures are easily made very succulent, from abnormal 
development of parenchyma. Under these amditions they become valu¬ 
able esculents, either in their roots, as'the Turnip (Bramca Bapa), their 
stem and leaf-stalks, ns Sea-kale (^Cramhe maritima), their stem, leaves, 
or undeveloped inflorescence, as Kohl-rabi, Cabbages, Greens, Kales, 
&c. in all their varieties, and Cauliilower and Broccoli, alj apparently 
derived from Brassica oleracra by cultivation. Brassica Napm, liape or 
Colza, is most valuable on ac(;ount of the oil in its seeds, and its oil-cake 
as food for cattle. The Swed<; Turnip is supposed to be a hj'brid between 
B. campestris and B. Rapa or Xapux. Radishes (Raphanux satmts). Horse¬ 
radish (Annoracia rmtivaiui), are cultivated on account of their pun¬ 
gency, as are also the herb and, still more, the seeds of the Mustards, Sinapis 
atha and mV/ro, the latter of which yields the proper table-mustard seed. 
AVater-cress (iVWio'fiitw ojficinalt) and Garden-cress (Lipidium sativum^ 
are pungent salad-plants. Ixatiii tinctoria and a Chinese species, I. itidt- 
yotica, yield a blue dye from their silicles. 

Many of the CruciferH! are reiuarkabhi for containing sulphur compounds, 
both iii the seeds and in the herbage, whence the disagreeable smell of 
water in which they have been boiled, or even of the bruised fresh plant 
of some, as Rryxiinum AUiaria. (.)il of Mustard, obtained by macerating 
the seeds of Black Mustard in water and distilling, is violently acrid. 
Most of the genera cited in the list alxtve an? represented by common 
wild plants in this country, the rest are found in most gardens; Matthiola 
is the Stock, Cheiranthm C'/wiri the M'allflower, &c. 

Order XV. CAPPARIDACF.yE. The Caper Order. 

Class. Rhooades, Riidl. yill. Cistnles, Lltidl. Coh. Pnrietales, 
,Renth. rt Jloak. 

372. Diagnosis, —Herbs, shrubs, or nuely trees, with alteniate simple or 
lobed exstipulate leaves; crucilbrm flowers ; stamens numerous, or, if (i, 
not tutradynanious, on a disk, or with an iuternode separating them from 
th(? corolla, and a 1-eelled pod or berry with 2 or more pariem placentas; 
seeds reniform, exolbumiuous. * * 

• Ii.LC8TnATm5 Genera 

Tribe 1. Cleomea?. FniU capsular. Tribe2. Cappahkaj. F'uit baccate. 

Cleomej DC. • Cadaba, Forsk. 

I’olanisia, Raf. Gapparis, B. 

AlI&iitlM. —This Order is closely»jelated to the Crucifene, both in 
structure and proj^rties, being distiiiguiahed chiefly by the mostly inde¬ 
finite stamens, which when only six in number are very rarely tetradyna- 
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moos, fknd by the stipitate ovary. Tho parietal placentas and the disk 
ally them to the Resedaceffi, which likewise have kidney-shaped ex- 
albuminous seeds; there is a more distant affinity to the Bixacese, which 
have albuminous seeds. The development of tlie intemodes between the 
circles of tioral orjrans is a striking character in various Capparidacefc : 
in Cleome and Capparts the receptacle has rather a discoid development 
below the stamens, the ovary being stalked ;.in Gynandropais aiid Vadaba 
there is a stalk-like prolongation of the receptacle between the corolla 
and stamens and between the stamens and the ovaiy. This structure 
connects the plants in some degree with Passidoracetc. In other genera 
the receptacle is developed into a more or loss fleshy or glandular disk. • 
In Physostpnon the semens are curiou.s, the two or four posterior ones 
hat'ing the filaments inflated or swollen below the anthers. 

• Distrlbnnon.—The specig.s are somewhat numerous in the ti-opical and 
subtropical regions of the world, especially in Africa. 

Qualities and Uses. —There is great agreement with the Crucifer®; but 
in some casas the pungent principle.s ore dangerous. The Capers used a.s 
pickles are the flower-buds of various spucie.s of Capparis (C. spinona, Fon- 
tanesii, rupffstna, and <rt/ypiiac(t). The root of Crylrcva yynandra, the Garlic 
Pear, is said to be very acrid and to blister like Cimthiuides. C. fxcvlm 
is a la^e tree in Madagascar. Tho I’olanmu kotamlra of the United 
States is used as a vermiluge ; and the root of Cutlaha iiidicti is said to be 
aperient and anthelmintic. Many species have been introduced into our 
gardens: a few bear the open air in sheltered places. 

Ordeb XVI. IlESEDACE.iE. The Mignonette Order. 

Class. Khoeades, Fndl, All. Cistnle.“, Liiidl. Cob. Parietale.s, 
Bentb. el Jlook. 

373. Diagnosis. —Herbs with unsymnuflrical 4-7-merous small flower.^, 
commonly with a fleshy one-sided hypogjyous disk between the petals 
and the (3—40) stamens, which itsqiports. ' Caly.x open in tlie bud. Pod 
3- or'6-lobed, 3- or O-homed, l-celled with ;> or (i parietal placentas, 
opening at the top before the exalbuminous reniform seeds are npe. 

, Il.Lf.STItATlVE GkXEIIA. 

Reseda, L. | Oligomeris, Cambass. 

These plants agree'in many re.spects with the Capparidacea*, as in tho 

K nee of a disk supiiorting the stamens, and the i-enifoim seeds. By 
jr they are pjaced betwism Cappnrids and Cnicifei-s, which seems the 
most appropriate place for them. Ihere is a more di.-tant relation to the 
Papaverace®, from whicli, hbwever, they are olviiy.s distinguished by 
their exalbun^inous seeds. Moringace® have many points in common, 
bat differ in habit, foliage, straight embryo, dnd mouadelphous stamens. 
The opening of the ovary tjefore the seeds are ripe is worthy of note as 
an uncommon phenomenon; it is well seen in the Garden 5lig:noiinette 
{Jteseda odorata). Oligomeris is remarkable for the reduction of tho parts 
of the'itower, having but 2 petals and 3 stamens, and the disk is likewise 
absent 
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Distribution. —A small ordnr. Most of the hinds are European; hut a 
few oi’cur in India, .Sopth Africa, and in California. 

Qualities and Uses. —The best-known plant of the . Order is 2lese(I<i 
odornta, .so much valued for its perfmue and hardy character. Memda 
lutrola, a native weed, commonly called Weld, yields ayellow dye. Some 
of the species are acrid. 


Ordeh XVII. BIXACE.'E oh FLuVCOURTIACEyE. 

The Annatto Order. 

Class. Pnrietalcs, J-'»dl. Ad. N'iolales, Lindl. • Coh. Parietales, 
Death, et Hook. 

■‘)74. Diac/nosis. —Shrubs or small trees with alteniate exstipuhite leaves, 
usually entire and Icatiiery, often dotted; regular hermaphrodite or uni¬ 
sexual flowers; sepals 4-7, slightly ccdiercnt below; ])etals as main' and 
distinct, or absent; stamens hypo^rynoiis, generally indetinite; ovary ses¬ 
sile, or slightly stalked, 1- or rarely more-celled, with 2 or more parietal 
phuM'iitas; ovul('.s curved : set'ds numerous, with a straight embryo in the 
axis of fleshy albtimeiicotyledons broad ; radicle next the hilum. 

lELltSTHATlVK. Ge.VERA. 

Bixa, Ij. Flacourtia, Cummers. 

Otieoba, Forsk. Erythrospemnini, iMm. 

Belated to the Snmydaceic, but distinguished by their hypoirynous 
stamens, and to the Pa.ssitiorac.eti,', btit destitute' of a coronet. From 
CappaviJs they diti'er in their albuminous .seeds; from Cistaceai in their 
straiglit ovules. Hentliam and Hooker refer the small group Pangiaceae 
(^see iiost) here. 

The species are not very numerous, and are nip.stly natives of the hottest 
regions of tlie globt'; some of^.lhe plants arc bitter and astringent ; the, 
pulpy fruits of Oacoha, of F/aioartia Jiamoatchi, sojiida. and se^inria el's 
edible. Dt'jra Oredana yielils the substance called Annatto, u.sed for 
colouring cheeses and as ti dye ; it is derived from a pulp surrounding the 
seeds. * 


Order XVIII. CISTACE^. Rock Roses. 

Class. Parietales, Emd. All. Ci.stales, Lindl. CoJi. Parietales, 

• Death, et Hook. 

•‘!7o. Dua/aosis .—iJbw shrubs or lierbs with regular hermaphrodite 
flowers, persistent calyx, distinct hypogynons, mostly indeifcite stamens; 
pod 1 -celled, li-fl-valved, witli as niaiiy parietal placentas; ovules straight; 
seeds albuminous; embryo curved or spiral, with the radicle remote from 
tho hilum. 

iLLVSTRATfVl? G ESKR A. 

s 

Cistus, Toumef. | Ilelianthemuin, Tountef. 

I. 
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Afflnitlea, *c.—Nearly related to Violaceee, Bixaceae, and Droseracea3, 
but distinguished by the fonn and direction of^the embryo, from the 
Hypericaceae by the structure of the fruit and the absence ot dots on the 
leaves, and from Linace* bv the fruit; they also approach Papavernceso 
by Dendromecon : and Lindley considers that there is some connexion 
with Capparidaceoe and Crucifer®; but the 4-merou3 plan and exalbumi- 
nous seeds of those Orders remove them widely. Some of the Ilelianthenia 
have dimorphic flowers. ® 

The Cistace® are most abundant in South Europe and North Africa, 
but occur in other parts of the globe. The giun-resin called Ladaniim 
is obtained from Uigtm cretims, ladanifervs, Ledon, and otliers ; and the 
plants generally are regarded as resinous and balsamic. Many species are 
cultivated for their beautiful but'fugacious flowers. 

■ Helianthemum vulyare, a native plant, is remarkable for the irritability 
of the stamens in the newly opened flowers. 


Order XIX. DROSERACE/E. Sun-dews. 

Class, Parietales, Endl. All. Bcrberalcs, Lindl. Ctth. Ilo.«alos, 
Bmth. et Jlovk, 

376. Diagnosis. —Bog-herbs, mostly glandular-haired, with regular hy- 
pogynous flowers, 5-nierous and persistent (withering) calyx, corolla, and 
stamens; the anthers fixed by the middle, oxtrorse; ovary free; ovules 
numerous, inverted; pod 1-celled, with twice as many .separate stylos and 
stigmas as there are parietal placentas; the embiyo minute, at the base 
of fleshy albumen. 

Illustrative Genera. 

Drosera, L. | Aldrovauda, Monti. | Dionma, Ellis. 

The interesting but not reiy numerousiplants of thi.s Order are remark¬ 
able for the circinate ciiivature of their flower-stalk.s, which, together 
with the absence of stipules, the extrorae anthers, divided style.s, &c., 
separates them from the A'iolaee®, which they approach ; they are con¬ 
nected wdtli Hypericace® by runumia, and have some aftinity to Cistace® 
and Turnerace®. Bentham and Hooker place them near the Saxifrages, 
These plants are found in bogs or maishes in most parts of the globe, 
excepting tHo Arctic regions. Their double stigmas are curiou-s; but 
their most interesting characters reside in the leave,s, which in Drosera 
(Sun-dews) are_ covered with beautiful glandular hair.s: three species 
occur in this country. Aldrorunda vesiculosa, a native of South Europe, 
has curious whorled cellulac .spoon-shaped leaves ; while Dioneca musri- 
ptiloj the Vpnus’s Fly-trap of the North-American bogs (ncensionally 
cultivated in'stoves here), is well known for the remarkable irritability of 
,4he lamina of th® fbe two lobes of which close upon any object 
touching the upper face. The Broserace® are said to be acrid. 

.'V 
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Ordee XX. .VIOLACEiE. The Violet Ordee. 

Class. Parietales, Endl. All. Violalea, Lindl. Coh. Pariotales, Benih. 

et llooli. 

377. Diagnosis. —Herbs oivshrubs; leaves alternate, usually sti¬ 
pulate ; flowers regular or irregular, hermaphrodite, with a some¬ 
what irregular l-spurred corolla of 5 petals ; stamens 5, hypogj’nous, 
with adnate introrse anthers connivent over the pistil, connective of 
the anther usually prolonged; style and stigma single; pod 1- 
cellcd; 3-valvcd, with 3 parietal placentas in the middle 6f the 
valves ; seeds albuminous; embryo straight. 

Character. 

Cahj.v ; sepals 5, persistent, usually elongated at the back, imbricated 
in u'stivation. 

Corolla : petals 5, hypogynous, equal or unequal, one usually spurred, 
withcring-i)crsistent; oblhiucly convolute in a'stivatioii. 

Stamens 5, alternate with the petals, or occasionally opposite, in¬ 
serted on an hypogynous disk, often umupial; anthers 2-celled, 
introrse, separate or cohering, and lying tipon the pistil; the fila¬ 
ment or conitectivc prolonged beyond the lobes of the anthers, in 
the irregular flowers two of the lihunents are spurred at the base. 
Ovaiy compound, 1-celled, with numerous ovules on 3 parietal pla¬ 
centas opposite yie 3 outer sepals, or rarely 1-ovuled ; ' ovules ana-. 
tro]>nus; sti/le single, mostly declinate; sthjnm capitate, oblique, 
hooded. 

Fruit : a capsule bursting into 3 valves, wit# the placentas up the 
middle; seeds mostly numerous; embryo straight in the axis of 
fleshy albumen. 

InLUSTltATlVE (lEXEKA. 

Viola, L. I Papayrola, Atthl. | Alsodcia, Thouars. 

Affinities.—By the irrt'gular flowers and nppendaged anthers wo rt-adily 
distinguish most of the ^'iohH■ea“ from the Jiroseracea;, Cistaeete, and 
tiiinvagosiacwe; and in Al.eoikia, where the corolla is regular, the simple 
stylo and capitate stigma are still available: and several other important 
ditferences exist, such as:—the definite number of stamens and straight 
embryo, uidiko that of the Cistaeejc; diflerent vernation and 8ti)>ulato 
condition of the leaves, unlike Droseracen;; while Snuvagosincofe, besides 
having the anthers unappendaged, have either numerous stameus, or, if 
five, they ore opposite to the petals and alternate witlrfive spalcs; more¬ 
over the capsule bursts septicidally, so that the placentas are at the edges 
of the valves. Violacew are related more distantly to I’assitloracem. In 
the native species of the genus Viola,' it is not uncommon to find apetalous 
flowers, especially in the autumn. 
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dstrlbation. —An Order consisting of a few genera, some, sucli as Viola 
and Ahodeia, rich in species, the greater nmnher wkh but few. Tlie irre¬ 
gular Violace.'e belong chiefly to Europe, North Asia, and North ^Vinericn, 
where they art! generally small herbs, and to South America, where they 
are mostly shrubby; the regular genera, Alsudeta &c., belong to Soutli 
America, Africa, and Malacca, 

Qualities and Uses. —The Order is characterized in general by emetic 
properties, which are especially d(>veloped in the South-American lonidiu ; 
I. parvijtoi-iim, I. Poaya, I. Jtiibii, are used there instead of Ipt'cacunnha, 
and the last was formerly supposed to he the true Ipecacuanha-plant. 
Viola canina, the common Dog-violet of our hedge.s, is said to he bene¬ 
ficial ^ skin-diseases; and the same properties arc attributed to Anchietia 
salutaris in IJrazil, wh.ere it is also used as a purgative. The roots of 
the Sweet Violet, V. odorafa, are enietit' and purgatii e; its seeds are also 
purgative. V. trk olor is the ran.sy or Heart’s-ease ; its leaves have been 
supposed to contain hydrocyanic acid, since they smell like peach-blossom 
when bruised. 

The SAfV.vGKSiACK.t: form a small group .sometimes separated from 
'VTolacete on account of the characters mentioned above. They are related 
to the Iltpericacetu through Panuima. 


OuDEB XXI. I'llANKENIACErE. 

Class. Parietales, Endl. All. Violales, Lindl. Coh. Carj-ophyllinens, 

• lienih. et llooh. 

378. This small and unimportant Order bears vtn’v close alliinty to tht^ 
tribe Sileneie of the (.)rder Cnryophyllacefe in the tloral tmvchipe.s and 
stameu.s; but its placentas are parietal, and the embryo is .straight, which 
cau.ses it to approach Yiolaceie, and e.specially Sauvagc.siacea', from which, 
however, it dill'crs in th^lr united sepals and e.vtrorsc anthers. Most of t!n‘ 
plants are found in South Europe and North Africa: hut a few .s])ecics arc 
scattered in other parts of the world. They are said to be mucilaginous 
and aromatic. 

limrSTnATivK f! uxu-s. 

Fraulieuia, L. 


Order XXII. TAMARICACEiE. Thj; Tamarisk Order. 

Class. Guttiferoe, Endl. AJl. V iolales, Lindl. Coh. Caryophyllium, 
lienth. et Hook. 


379. Diagnosis. —Shrub.s or herbs of fastigiate growth, with alternate 
scale-like leaves, usually pitted ; llower-s in close spikes or racemes; calyx 
4-/)-parted, persistent; petals distinct, ndherent to the calyx, withering; 
both imbricated in .■Estivation; .statnens hypogyiious, equalling the petals 
or twice as many, distinct or coherent; ovary superior, ovules numerous, 
ascending; capsule 3-yalved, 1-celled, with 3 placentas either at the base 
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nr 1 in tlio miildln of each valve; seeds comose, witliout albumen; embryo 
straight; radicle inferior. 

Illitstiiativu Okneha. 

Tamarix, Z. | Myricaria, Desv, 

Affinltle-s. —Kndlicher looked upon this Order as intermediate between 
lIvpericace.'D (through Ueauuniriiice.'e) and liVtliraceie, while Lindley 
thinks they stand rather botw(H“n Violaeets and Orassulacese, and De 
(’nndolle phiced it near Portulacaceie, as also do rieiitham and Hooker. 
From all the above, however, they dill'er in the nature of tlmir seeds. 

Dlstribtrtion.— .V group <>on,«istiiig of two genera, one with several, the 
other with very few .specie,s. The plant.s are, nidive.s of the northern 
hemisphere of the Old World, growing chielly by the sea-shore, or on the 
margin.s of rivers or lakes. 

Qualities and Uses. —The bark is hitter and astringent; and those kinds 
growing near the sea yield abundance of .soda when burnt. Tamarix 
muimiffni yield.s the Manna of Mount .Sinai, a kind of mucilaginous 
.siig'ar, .said to he exuded in consequence of the attacks of a Coecus-inst'ot. 
Sei'cral specie.s aivi attack(“d by gall-insects, and the galls of T. iiirUrri, 
iliiilvii, i-/tws, and <imiitiiUs are tised in m(Mli<-ine and for dyeing. Tanwrix 
!/!illic(i llourislK's well netir the sen on our coasts, tind is an ornamental 
slirub. Mjii-irart" i/i:nii(iiiicci is it himd.somc .shrub iu our garden,?. 


OiiDEii XXIII. CAIIYOPIIYLLACE.E. The Pink Order. 

Cltm. Carvophyllncea’, IJiiiU. All. Silenales, LimU. Coh. CarvophYlliute,' 

Heiith. vt Hook. 

llJSO. D!((;pios !.'<.-—Herbs with op])osito entirS leaves : stems swollen 
at the joint.?; flowers symmetriciil, 4-5-merotts, with or without 
petals; stamens distinct, not more thiiii ftvice as m.aii)* as the sepals, 
hypngyiiotis or perigynons ; .styles 2 -~); seeds attached to tlto base 
or to the central placeiitii of the 1-celled (r;irely 3-5-celled) capsule ; 
embiyo curvtxl round the meal)' albumen. 

Character. 

Cah/.r: $ej>ftls 4 or''r), porsistoiit, distinct or cohoreut into a tube. 
Corolla : petals 4 or 5, clawed, often deej^ly bifid, sometimes wanting, 
mostl)" separated by a short intcriiodc from the caly.x. 

Stamens twice as m.any as the petals, or equal to and opposite to the 
sepiils, sometimes fewer, inserted with the petals; filaments awl- 
.shaped, sometimes coherent; (tat/iccs innitte. 

Omni sessile, or raised with the gorolla and stamens on a short 
stalk above the caly-x, 1-celled, with a central placeuta or with 
2-5 dissepiments extending to the centre; ovules few or nume- 
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rous; stigmas 2-5, filiform, resembling the styles, but papillose 
down the inner side. Fig. 350 . 

Fniit capsular, 1-cellcd, with a central 
placenta, 2-5-valved, or splitting 
into 4-10 teeth above (fig. 3o0), or 
2-5-colled, loculicidally dehiscent, 
with the plaeentas adhering to the 
septa ; seeds mostly indefinite; the 
emhryo mostly curved round the. albu¬ 
men (fig. 351), rarely straight or 
spiral, with little albumen ;■ radicle Fig. m Capsule of Ci>ro*a!/»i, bnrst. 

Section of seed of Lychniftt 

. next the hllum. « endosperm; », embryo. 



IimUSTUATIVE Gf.neha. 


Tribe 1. At.sixe.*. Si'pah distinct. 
Sagina, L. 

Alsine, Wahlenb. 

Arenaria, L. 

Stellaria, L. 

Cerastimn^ L. 


I Tribe 2. Sii.exe;e. Sepals cohering 
I into a tube. 

Diantbus, L. 

Paponaria, L. 

Silene, L. 

I Lychnis, L. 


Affinities.— The opipo.sitc entire leaves springing from thickened nodes, 
definite stamens, and tlie character of the juacenta and .seeds servo to 
distinguish the great maiority of this well-marked Order. The nearest 
relations of the Cifiyopliyllaceie, as here defined, are unquestionably the 
lUecebracete and Portulaeaceai, which we separate niore for the sake of 
convenience of distinction than on account of natural diversity, since in both 
those Orders there is a variation between the hypogynous and perigynons 
conditions. The Illecebracese may he distinguished by their scarious sti- 

E ules and utricular fruit, and the Portulacncese by the 2-leaved calyx and 
y the stamens when equal to the .sepals being alteniate, or opposite to the 
petals, since it seems more convenient to keep the Mollugineee with Por- 
tulacacere if they are divided. The apetalous forms, and the alliance with 
the Orders ju.st named, connect this Order with the Amarantaceffi and 
Chenopodiacese and several other families all characterized hy a eSrved 
embryo ^uiTounding a floury albumen. 

The placentation of the CaryophyUaccip is regarded by some authors a.s 
forming one of the exceptions to the niarginal type, the free central 
column of mature ovaries being regarded as a product of the receptacle, 
independent of the carpels. Hut the di.ssepiments oj^st in the early stages 
of development, and are tom awayduring the expansion of the ovary; 
hence there is no necessity' to assume the independent origin of the pla¬ 
centas. Monstrous blo.s.sonis of {)lant8 of this Order do not decide the 
question, since these have been found with really independent growth of 
the ovules from the base of the ovary, and with ovules developed upon 
the margins of the carpels. 

DlstrlbattgB, —An Order consisting of several genera and a large number 
of species, for the most part nativesof temperate and cold climates, extend¬ 
ing to the Arctic regions and to almost the, extreme limit attained by 
flowering plants on mountains. 
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Qualities and Uees. —The plants of this Order are generally devoid of 
active properties—some of tnem containing more or less of a deleterious 
principle, called Sapomne, as Sapomria, Agrostemma, Silene, &c.; and 
Gypsophila Stndhium, the Egyptian Soap-root, derives its name from its 
saponaceous properties; this substance is generally most abundant in 
the roots. Tne genus Dumthm, or Pink, is remarkable for the beauty of 
its flowers; 1). hiirbatun is the Sweet-William; D. plumarim is the parent 
of the varieties of Garden i’ink; D. Curyophyllm (the Clove-Knk), of the 
Carnation and its varieties. Lychnis and JSiloie also afford handsome 
garden plants. A large proportion of the plants of this Order are insig¬ 
nificant weeds ; one 0 ? them, Spurrey {Spcryula rirvensis), in sometimes 
grown as an agricultural crop on poor soils, for feeding Sheep. 


Order XXIV. MALVACEJfl. The Mallow Order. 

Chiss. Columnifera;, Bntff. AIL Malvalcs, LimU. Coh. Malvales, 
Leidh, et Hook. 

381. Diagnosis.—'Kerhs or shnibs with alternate stipulate leaves 
often covered with soft down and regular flowers; calyx valvate, 
and corolla convolute in aestivation; stamens numerous, mona- 
delphous in a tube which is adherent below' to the short claws of 
the petals ; anthers 1-celled. 

Character. . , 

Caly.r: sepals ii, rarely 3 or 4, more or less united below, valvate 
in the bud, often surrounded by an epicalyx (§ 164). 

Corolla: petals equal in number to the sc])als, hypogynous, con¬ 
torted in aestivation, free or adherent to the tube of the stamens. 
Stamens indefinite, monadelphous, hypogynous, all perfect; anthers 
1-celled, kidney-.shnped, bursting across. 

Ovary: caipels several, each forming a cell around a central axis, 
either cwicrcnt into u ^ultilocular compound ovarj', or distinct; 
ovules definite or indefinite, on the ventral suture; styles equal in 
number to the carpels or twice as many; coherent or distinct; 
stu/mas various'. 

Fruit : a scveral-e oUed-capsule. or a collection of separating inde- 
hiscont cocci or of, follpalcsT the cartels 1- or many-seodedseeds 
ivith little or ho albumen, embryo curved, cotyledons much twisted, 
oily, testa sometimes hairy. 
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Iliatsthati^t; Genera. 


Tribe 1. Herbs nr un- 

dershriihs. Stnmiiial eoliimii antheri- 
feroHS to the top; styles as numerous 
as the. eells of the Ofary; ripe carpels 
secediny from the columella. 

Malope, L. 

Althiea, L. 

!Malva, L. 

SiJa, L. 

Tribe 2. tji!ENE,E. Herbs. Sta- 
minul column destitute of anthers at 
the top; .dyles ttrice as many as the 
Cells of the orary; fruit as in Tribe 1. 

I’fivoiiift, L. 


Tribe :i. IIiBiscE.E. Herbs or 
nndershrubs. Styles as many as the 
carpels; fruit synca/pous, capsular. 

Ilibieeiis, Z. 

Gossypium, Z. 

Tribe 4. Bombacea;. 'I'rees or 
shrubs. Staminal column divided into 
•5 or more divisions, each with one or 
more anthers; styles confluent or 
qual to the carpels; fruit syncar- 
nous, dehiscent or indehiscent. 

Adnnt<oiiio. Z. 

Boinbax, Z. 


Affinities.— The “ conipoimd ’’ stameiits of tlu'.^e plaiit.s appear first in th(! 
form of fire little tubercdes, the primordial stamens: from the sides of 
these are subsequenth' developed others. The anthers are hiloeulur in the 
first in.stanoe, but become 1-celled by the obliteration of the partitions. 
3Ialvacere are closely allied to Byttm'riaci'te, Sterciiliaeejc, and 'riliacea>, 
especially to the first two, by the freiieral structure and the ic.stivatiou of the 
calyx, but are distiniruished by their 1-celled anthers from all thret'; to 
the GeraniaceiB they are related by the nionadelphoiis stamens, twisted 
festivation of the corolla, and tln^ occnsion'al .se])nration of the carpels from 
a central axis in the ripe fruit; with f'hla'naceic then^ is a connexion 
throufjh the epicaly.x orcalycine invohicre and the monndelphoii.s .stamen.s ; 
and some points of .structure, but especially the properties, resemble tliose 
of LinacefP.: from Cainelliaeea', which have tne .stamen.s more or less 
coherent, they may be distinguished by the valvate calyx. Malope pre¬ 
sents a curious condition of the carpels, which are numerous and distinct, 
resembling those of a Ranunculn<'eous phint. The Bombaceous subdivi.sion 
is refeiTed here on account of the 1 -celled anthers. Tlie trunks of some 
of the trees in this group att.'iin enormous age and dimensions, as in tlio 
Adansonin or Baobab, and the liombax, the latter of which prodtice 
great projecting buttresses from their stems. The, calyx in this subdivision 
is tough and leathery; and the pollen is gimerally smooth, not spiny, ns in 
the rest of the family. The hairy seeds of this subdivi.sion recall tho.se of 
Gossypium. 

Distribution. —A large order, with several genera and lery numei’ous 
species; the latter are most abundant in the tropics, diminishing gradually 
in the temperate regions, and ab.sent from the frigid zone. 

Qualities and Uses. —The ordinary properties of thi.s Order depend on 
the abundance of a bland Ynucilage, e.specially in the roots, as in the 
Mar.sh-mallow fthe Frimch Guimauve) (Althiea officinalis), the flower of 
the Hollyhock (Althiea rosea), the common Mallow f.bViZ’a sylvesfris), &c.. 
The leaves of the IMljitpck yield a blue dye lUfrindigo. But the most 
important qualities of thes8“plants depend upon their tissues, namely the 
fibrous liber of their stems, which in some cases furnishes largo quantities 
of hemp-like fibre to commerce, ns the Hibiscus cannabinus (.Sun-hem])'), 
H. arhoreus, various specie^ of Sida, &c., and the hairs of the seeds of 
Gossypium, constituting Cotton, Four distinct species of Cotton are sup- 
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post'll to exist, viz.:— O. hcrhmxKm, the onlinnry Inilian Cotton-plant 
(t. nrborcum, the IntWan Trei'-fotton; (r. bai’JMiVwie, to whicii the ISorth- 
Aniericiin Cottons FiTIinr^'Tiiul the Bourbon eottoii of India; and (r.peni-' 
riiimiiii or (icnmindtmn, Pernainlmco nr Brazil cotton. The .se.eds of 
Oo^djptnm contain a hir;^c quantity of almost colonrles^ oil, together with 
a brown resinous substance contained in special reservoirs, which colours 
the expressed oil. The hairs of the seeds of the .Silk-cotton trees {Hoiit- 
hu.v) cannot be. .spun liki; cotton, but are u.scd for stuffing cu.shion.s &c. 
The Durian (Ditrio zihi-lhinita) has an aromatic edible fruit. 'I’he fruit of 
the Baobab (.l(/(iii<<iiiiii} has an agreeable acid juice. .Mosf of the ^lalvace® 
have handsome flowers, and many are cultivated in our^ardens and 
stoves. 


OuDiiitXXV. BYTTNERIACTX'E. Tup; Chocolate Orper. 

C/fiss. Columnifera'', Ti'/nl/. -lH. IMalvides, Lindl, (.'ub. Malvales, 
Ticuth. ft llodh. 

o8d. nidijiiDiiii .—Trees or shrubs, occasionallv climbers, with altemato 
simplo leaves and nurstly with deciduous stipules; caly.x d-.j-lobed, 

^ alvate; corolla absent, or of o variable petals ; .“tumens hypogynou.s, 
definite, and opposite to tlje petals or twice as many, half .sterile (atanii- 
iiodes), almost always inserted into a cup or tube; anthers O-celled, 
introrse; ovary .snssile or stalked, of 4-10 carpels round a central coluuiu ; 
etnliryo generally in a .small quantity of albumen, cotyledons plaited. 

Ii.i.fsruA'i'ivE Genera. 

rivttni'ria, Ln ffl. j f'icaj'ihopetaluin, Mn4. irdhania, Forsk. 
'rlmobromn, L. Dombeyn, ('ur. 

Affinities. —This Order i.s very near .'sterctdiacea-, with which, indeed, it 
is combined by Beutham and Hooker, but is distingui.shcd by the introrse 
anthers, some of which arc usually sterile ; the same organs, being 2-cellcd, 
atford a distinction from Malvaccic, to which they at the same time 
approach; the monadelphous stamens and the ab.senci' of a disk remove them 
from Tiliaceie. Lindley thinks that the frequent absence of the corolla 
and the occurrence, of sterile stamens indicate a relationship to Kuphor- 
biace.'c. The staminodes represent certain portions of the •' compound ’’ 
stamen not antheriferous (.sco umler >1 alvace.'o). Sometimes the .slaminode 
forms the terminal, oral other times a lateral lobe of the priniarv stamens, 
which in these cases may be compared to a digitate leaf. Ihe stami- 
node in some cases seems to serve the purpose of collecting and retaining 
the pollen. • 

Distribution, —A .small onler whose members arc natives chiefly of the 
tropics of both hemispheres. 

Qualities and Uses. —These plaffits generally resemble Jlalvaee.'B in 
proper!ics. Ahroma and Doiiibci/a ftmiish materials for cordage: (iKaziima 
ulmifdlia (Brazil) has an agit'etible, .vveet, mucilaginous fruit. I’he most 
intere.stiug member of the Order, however, is The. Theobroma Cacao, from 
the fruits and seeds (Cacao beaus) of which chocolate and “cocoa” aie 

L 5 
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prepared. A spirit is also distilled from the pulp of the fruit. Species of 
many of the genera have been introduced ns greenhouse shrubs, but most 
'of them are unattractive. Some of the species of Domheya are very 
ornamental. 


Order XXVI. STERCIILTACE.E. The Sterculia Order. 

Class. Columniferae, Endl. All. Malvales, Lindl. Coh. Malvales, 
lienth. et Hook. 

.“ISd. Dtaynosis .—Trees or shrulji with alteninte simple or compound 
leaves and free deciduous stipule^iy'flowers regular or in-egular, frequently 
unisexual bv abortion ; calyx and -^rolla resembling tbo.sc of Malvnceie 
or petals absent; stamens monadelpbous or polyadelphous; anthers 
2-eelled and extrorse: caqiels 5, rarely distinct or cohertmt, often 
pedicellate : seeds veiy variable. 

Ii.LrsTRATit’E Genera. 

Tribe 1. STERcri.iEA?. Lcures j Tribe .3. Fremontif.,*. Flowens 
simple or palmate ; fimrers apetalom j hermaphrodite; stamens conjoined ; 
am unise.vunl by abortion, anthers •'>; staminodes irantiny, 

TIeritierin, Aft. I Fremontia, 

Sterculia, L. Clieirostemon, L. 

Cola, Schott. . Tribe 4. IIermanniejE. Flovcrs 

I hermaphrodite; petals persistent, 

Tribe irEr..irTT:RE-T:. Tseavpf^ i (}rtHie(i in ^pAfivnlion ; stainetii^ 
simple; flnirers perfect^ petals deet- stinct; staminodes irantiny. 
duous; staminodei small. Hermannia, X. 

Helicteres, X. Waltlieria, X. 

AfBnittes.—The perfect, 2-colled, extrorse stamens separate the plants 
of this Grder from the Malvace.e and Tlyttueriaceie, the monadelpbou.s con¬ 
dition from the Tiliace.'e. The Helietereee are midway between Bombnreee 
and Sterculiea, and the Sterculieee form the transition to the Byttue- 
riace®. 

Many plants of this Order are interesting in structural respects. J)ela- 
bechea (Australia), Jirachyrhiton, and others have a trunk swollen midway 
between the ground and the crown of the tree, giving the app('arance of 
a huge flask or bottle. Helicteres is so called from its twisted follicles j 
the pods of some Sterculieee open out like leathery leaves with the ripe 
seeds on their maip^ns. The species of Sterculia and Cola are remarkable 
for the variable condition of'their seed, some having albumen, others not; 
the direction of the radicle with reference to the hilum is also different in 
different' specie.s. Cola has often three or four cotyledons, or perhaps 
tyo, deeply divided. 

DtotrUnitlon.—An Order not very i^^erous in species, which latter are 
natives of the tropics. The Stereuliea chiefly in India and Africa. 

Qualities and Uses.— ^Mucilaginou|. Sterculia Tragacantha yields the 
gum Tragacanth of Sierra Leone, S. urens a similar gum ; the seeds of 
all the species are oily, like those of Malvace®; the same properties are 
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j»enerally diffused. Sto-ciilia gvUata and villosa yield fibres fit for cordas’e 
and woven fabrics. • Cola acuminata furnishes the Cola nuts, greatly 
esteemed bv the negroes for their bitter properties. Cheiroiitemon plata-> 
noules, the tland-plnnt of Me.vico, has a remarkable-looking flower: the 
tube of the monndelplious stamens is split above and spread opt, so that 
the anthers resemble five fingers or claws, while the curved style looks 
like a thumb. This and various other plants of the Order have been 
introduced ns stove-shrubs. 


Orhek XXVII. TILIACE.®. The Lime ok LinAn Order. 


Clans. Columnifera?, JSndl. All. Malvales, Zindl. Coh. Malvales, 
Benth. et Jlook. 


.‘184. Diaijnosi.s .— Trees (rarely herbs) v'ith alternate usually sti¬ 
pulate leaves ; flowers regular, herm,aphrodite ; calyx valvate; petals 
imbricutecl in ncstivation ; sepals deciduous ; stamens usually polya¬ 
delphous ; anthers 2-ccllcd. 


Fig. 3i>2. 


Character, 

Cahja.' of 4- .5 distinct or coherent sepals, valvate in aestivation. 

Corolla of 4-.0 distinct petals, imbricated or wanting. 

ItHamen.'i mostly numerous, hypogynous, distinct or 
united in i)arccls, sometimes surrounded by the 
enlarged border of tlie di.sk beneath the ovaiT; 
anthers 2-cclled, dehiscing longitudinally or by 
pores. 

Ovarji single, many-cclled, composed of 2-10 carpels 
(sometimes disunited) with the placentas in the 
inner angle (axile) ; ovules few or ntimerous ; stylo Fruit of raw t o, 
1, stigmas=the carpels. 

Fruit dry or sueculcut, sometimes samaroid ; many- 
cclled or 1-ccllcd by abortion (fig. 3.02). 

Ernlnjo. erect, in the axis of fleshy albumen, with flat cotyledons 
and radicle next the hilum. 



entire; 6, cross 
section, show¬ 
ing 1 fertile an«i 
4abortiTuccUs. 


InnUSTUATIVE Gknf.b.\. 

Luhea, WiUd. I Triurafetta, Phim. I Orewia, Jim. 

Corchoru.s, L. ] Tilia, L. | Elieocarpus, L. 

Affinities. —The distinct or polyndelphoift stamens, the 2-celled anthers, 
and the disk separate these plants from their near allies, the Malvace®, 
Byttnerincero, and Sterculince.TC. From Caraellinceas they differ in the 
estivation of the calyx, and from IJixaceoe in the structure of the fruit. 
Various remarkable peculiarities of structure occur in the genera. Some 
species of Apeiba are said to have 24 oells in the fruit; Diplophradum has 
parietal placentas with spurious dissepiments in the firuit. The polyadel¬ 
phous stamens of Luhea, and of the American species of Tilia, which stand 
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in bundles before the petals, ore supposed to be instances of chorisix (§ 140). 
Limes are peculiar m the adhesion of the tlower-stalk to the brimt. 

I Oi eirid has glandular petals; EUeocarjms has them frjn<>;ed, iu some species 
they are absent. 

Distribution.— There are between three and four hundred species, per¬ 
taining to thirty-live or forty jj-enora. The liimes or Lindens ( Tilui) are 
tree.s of thi^ northern parts of both hemispheres; but the re.sl of the Onler 
are chietiy tropical. Triiiinfcttux are tropical weed.s with bur-like fruits. 

Qualities and Uses. —The (.'.“lu ral properties are the same as those of tlus 
allied Orders—mueilaptnous juire.s and librous bark. Many are valualde 
timber-tree#, and .some yield edible fruits. Tbe fibrous liber of tbe 
European Titiif furnishes the well-known lliis.sian “ba.st” or “bass;'’ 
various species of Corc/iiiruK furnish tihres in India, especially C. capnit/iirix, 
which alfords “Jute,’’ a fibre verv extensively subtituted for hemp; 
C. oUtoriut! is used ns a pot-herb. ’I'lie berries of Gmiiit najm/d, 
and others are plea-santly acid, and are used in makinp; sherbet; and the 
berries of some kinds of Corc/iunif: and of E/rf<n'(iri»i.t are eaten, ^’arious 
specie,? of Luhea (Brazil) and dretrin (Mast Indies) furnish valuable 
timber. The Lime-tree.s of Europe (TiUn rurup</a, ijniniUfolia, and par- 
l ifdlia) are valued not only for their /jiwt,but for their beauty, their white 
even wood, ami the fragrance of their blo.ssoins. Many of the tropical spe¬ 
cies, such a.s SpuntittnuM iifrmmn, d/i/phaa t/rein'oirlex. have been intro¬ 
duced as stove-.shrubs. Ilnurkoiya Jicifuliu has large violet flower.?. 

Ord£k XX’^VII. DIPTERACE.E. 

CYa.»s. Guttiferas, Unfll, All. GtittiferaleS, Lintll. Cuh, Giittifcrale.s, 

, Benth. et Hook. 

.38o. Dinr/msin. —T.argn trees abounding in resinotis juice, with alternate 
strongly feather-ribbad leaves and large convolute deciduous .stipules; 
flowers perfect, the calyx o-lobed, lobes imbiicate, unequal, persistent, 
afterwards enlarged like wings; petals o, hypogyi nous; stamens hypo- 
gynous, indefinite, distinct, or slightly and irregularly polyadelphous; 
anthers subulate, produced above ; ovary superior, •'i-celled ; fruit 1-celled 
by suppression, l-.seeded, and d-valved or indehiscent, and .surrounded by 
the enlarged calyx, forming a crown above it; .seeds e.xalbuminous. 

Ir.LU.STltATIVE GlCNKltA. 

IHpterocnrpus, GtMn. Valeria, L. 

Dryobalanops, Gartn. Shoi-ea, Boxh, 

■ (Lophira, Banks.) 

Afflnitlefl. —Tropical tre.es related to the preceding Ortlera in some re¬ 
spects, but in the imbricated calyx and in other particulars having more 
affinity to the Clusiacero, from which they differ in the ccstivation of the 
coroll^ and in the presence of stipules. Their large deciduous stipules 
re.serable those of Maynalia ; but the ino.st chanmteri.stic feature of the 
Order is the enlarged persistent celyx, which fonns long winged lobes 
crowning the fruit. Some authors separate Lophira as the type of a 
distinct Order which is in some degree (as in its l-celled ovary) different 
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both from the Dipteraceie and the Clusiaceas, but may probably remain 
among the former. ' 

D'stribution. —TJlia Order consists of ten or twelve, genera, comprising 
uiiwards of a hundred species. The.se jilants are large tree.s or rarely 
climbing shrubs of the forests of trupicid -Asia. Lophira belong.s-to Sierra 
Leone. ^ 

Qunlltie.s and Uses. —'I'he juices yield a bul'^amic resin, of whcli variou.s 
kiniLs an? imported. Sumatran hard (.'amjdior is found in the form of 
concretions in fissures and cavities of the trunk of iJri/uhalrDiops Camphora ; 
the Camphor-oil of Jforneo and Sumatra is .said to be the .saijie substance 
in a fn?sher state. Sliurcu riiht<M<i y'uUs the Dhoona or Dam mar pitch, 
used for incense in India. Vafvria ///'/((■« affords the Pine}'resin or Piney 
Dammar of India, sometimes called Indian Copal or gum Anhnl, largely 
used for making ^■arnisl^. l)l/ifer(icii>-pir^ triiicrci-t and other species yield a 
balsam like Co])aiha. Lup/iird is called tin; Scrubby Oak in Sierra Leone; 
it.s dry corky bark contaims no re.sinous juice. 

(Cjtt.-ts.VACE.K constitute a .small Older, con.sisting at pre.sent of a few 
shrubs, nuti\es of Madagascar; related to Malvacea* in having inona- 
delphou.s stamen.^ and an epicalyx; lait tlie calyx is imbricated in tc.stiva- 
tion, like that of Camelliacea> Kte. Placed by Lindley near O.xulidacese, 
Dalsaminaceic, Linaceic, and Geianiacetu.) 


Order XXIX. TKRXSTJKK.MIACE.E or CAMEL- 
.LTACE.'E. The Ca.mellia Order. 

Class. (.UMlkrtv, Umll. .'fll. Oultifeiales, Zimtf. Cvli. Outtlforales, 
Hcnth. (i Hook. 


.38fi. Diat/nosis .—Trees or shrubs, with alternate simple leaves and no 
stipules; flowers regular, pidyaiidrotis, hypogynnus fsepals and petals both 
imtiricated in a'stivation ; stamens more or le.ss coherent j(l-, ;5-, or o- 
adelpliou.s) at the base, and adherent to the bases of the petals: anthci-s 
2-celled; seeds few, .sometimes arillate; albumen little or none : embryo 
straight or folded, with the cotyledons large and thin, oily. 


D.I.rSTRATIVE (iH.NF.li.t. 


Tribe 1. Khizouoi.eaj. 
Caryocar, L. 

Trlh(> 2 . MAIiCr.HAAYlE-E. 
Maregraavia, L. 

Tribe .‘5. TKHNSTIiCF.MlKiE. 

Ternstreemia, L. f. 


; Tribe 4. S.AvnAfjE.K. 

I Sauraja, Willd. 

\ Tribe .m Cohdome.e. 

I (iordonii\, EUis. 

I Caimdlia, Linn. 

\ Ttibe (■>. Honxktti.t:. 

I Kielmeyera, Mart. 


AlBnlttes, &o.— Ternstrauiiiads differ from Dixads in their many-celled 
ovary and want of stipules; from Dipti'roearps in their calyx, which is 
not accrescent, their mnny-celled ox arv, and watery (not ivsiiious) juice. 
From TiliacctK they differ in their ittibrieatt? (not valvate) calyx; from 
Gnttifere in their alternate leaves, usually perfect flowei-s, long style, 
curved embryo, &c. From Ilypericads they differ iu habit, foliage, and 
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inflorescence. Through Sauraja they are connected with the Ericaceous 
genus Clethra and with Ihlleniads. JEttnja establishes a connexion with 
'SapotacecF; but these latter plants have extrorso anthers. The tribe 
Marci/rnm-it'fP, by some considered a distinct Order, comprises a few 
plants differing from the rest of the Order in their aggregate flowers, 
introrse, basifixed anthers, sessile stigmas, and specially in their very 
peculiar horn-like tubular bracts. Tlie Rhizoboleo! are large trees, with 
opposite digitate leathery leaves, with an articulated stalk, and no sti¬ 
pules ; sepals o or 6, more or less coherent, imbricated; petals 5-8, inserted 
with the numerous stamens on an hj'pogynous disk; stamens slightly 
coherent, in’ two circles, the inner shorter and often abortive; ovary 
superior, 4-5- or many-celled, with ns many short styles and minute 
stigmas, each cell with 1 ovule attwhed in the axis; fniit of several 
combined indeliiscent 1-seeded nuts, with a large exnlbuminous seed 
chiefly consisting of an enormous radicle with the cotyledons lying in a 
groove, '['he largo palmate leaves of Caryovor resemble those of yEKculm ; 
but here the radicle, and not the cotyledons, forms the mass of the embryo. 

Distribution.—The Ternstrcemiads constitute a rather large family 
distributed mainly in tropical America and Eastern Asia; very few are 
found in North America, and one species in the Canaries. 

Qualities and Uses. —Some Saunrjais pos-sess emollient properties. Oor- 
dmiia is astringent. Tea b the produce of Then chinensk ; black tea and 
green ten are produced by the same plant, the difference consisting in tlie 
time of picking and mode of preparation of the leaves. The stimulant 
properties of tea are due to the presence of a volatile oil and an astrin¬ 
gent principle; the nutritive qualitie.s to a nitrogenous substance called 
theine. The leaves also contain enseine, which, being insoluble in wat(‘r, 
is not utilized by us; but it is stated that the Tibetans, after drinking 
the infusion, mix'the leaves with fat and then eat them. 

Assam tea is the produce of a specie.s, .2\ Assnmion, a native of the 
district whence its name is derived. Camellia flamtiqua is used wth 
Olea frayraiis to give flavour and perfume to Chinese tea; C. oleifera 
aftbrds excellent .salad-oil. Freziera themden is made into tea in Panama. 
The Maregraavias have diuretic properties. The Souari nuts of commerce 
are the separated fruit-lobes of Caryoear biilyrn.vtm, so called on account 
of the oil in the seeds. The timber of this tree is highly valued. Many 
of the plants of this Order are in cultivation on account of their handsome 
flowers, such as the Camellia, of which many hundred varieties are grown, 
Gwdonia, Stuartia, &c. 

Ordee XXX. CLUSIACEiE or GUTTIFER^. 

The Gamboge Order. 

Class, Guttiferae, Endl. All. Guttiferales, Lindl. Cok. Guttiferales, 
JietUh. et Hook. 

387. Diagnosis .—Trees or shrubs, occasionally parasitical, with resinous 
juice; opposite, coriaceous, exstipulate, entire leaves; flowers axillary or 
terminal, perfect or diclinous by abortion ; sepals imbricated in 3 or more 
decussating pairs, usually persistent and netaloid; petals hypogynous, 
isomeious with the sepals, sometimes coniounded with them; stamens 
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hypogynouB, numerous, distinct, or in several parcels, rarely definite, 
filaments of various -lengths; anthers adnate, not beaked, sometimes 
1-celled, opening by a pore or transverse slit; disk fleshy, sometimes 
5-lobod; ovary superior, 1- or many-celled; stigmas sessile, peltate, or 
radiate; ovules solitary or few on axile placentas; seeds frequently with 
an aril, without albumen. 

Ili-ustbative Genera. 

Clusia, L. Xauthochymus, Ilq,vu, Calophyllum, L. 

Qarcinia, L. Cambogia, L, 

Afanltles.— This Order is related to the IlypericacefB in many respects, 
but may be distinguished by tiie troo-Iilce habit, the leathery leaves with 
articulated stalks, the tendency to a binai’y arrangement of the floral 
envelopes, the seeds usually solitai’y in the cells of the ovary, &c. The 
genera with .5-raerous flowers, Arrudea, Mnronobffo, & c., form a connecting 
link. The relationship to Ternstrooniiads has been alluded to under that 
family. The Cliisice are, described as parasitical, overgi-owiug other trees 
and killing them: perhaps, however, they are merely epiphytic, like Fmts. 

Distribution. —The genera are about twmity-five in miinher, comprising 
some two hundred and fifty specie.s. di.stributod throughout the tropics, 
chiefly in South America, but some in Africa. 

Qualities and Uses. —An acrid .piice, forming a yellow gum-resin, with 
purgative properties, i.s one of the most striking characteristics of this 
tlrder, The various kind.s of Gamboge are the most familiar e.vainples of 
this substance: but from wbieh species they are derived appetirs to bo 
doubtful. Ceylon ganihoge, is said to be derived from Camooijin Giitta 
{HehradvMnm Camh(>f)inid<‘% (irali.); tlie I’ipe-gamboge of Siam from 
Gdrcinia corhin-chiiiensiK (’oorg gamboge is also from a Garcinia', 
G. clli/dica furnishes the gamboge of Sjlhet. The species of Clti.da yield 
a useful resinous juice, ns do those of Cnlnphyllum, C. Cahiba furnishing 
the Knst-Indian resin called Tacamnhaca. Pentadesma bidi/rarea, the 
Ihitter- or Tallow-tree of SioiTa Leone, is so named from the yellow fatty 
substance which exudes from the eut fruit. Although the resinous juices 
are usually so active in tlnnr jiropcriios, the fruits of various Clusiaeeffi 
are not only edible, hut highly prized for their delicious flavour. The 
Mammee Apple, or Wild .Apricot of South America, is the fruit o( Jfammea 
(ifnviina ; the juice of the flowers i.s fermented and distilled, and tlie sap 
is made into a kind of wine. Tlie celebrated Mangosteen is the fruit of 
Gtiiriiiiii Muiiijostana (native of Malacca); other species of Garcinia, as 
G. pedimcidiila, conmi, &c., liave edibb' fruits. Clusia Jldva is called the 
Wild Mango, or Monkey-apple, in Jamaica. 


Order XXXL HYPERICACE/E.* The St. John's Wort 

Order. 

Class. Guttiferte, F?idl. All. Guttlferales, lAndl. Cob. Guttifemles, 
Benth. et Hook. 

• 

388. Diagnosis .—^Ilerbs or shrubs with opposite, entire, dotted leaves, 
without stipules; regular hermaphrodite flowers, the petals mostly oblique 
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or convoluted in the bud; the many or few stamens polyadelphous, some¬ 
times with "lauds between them ; capsule 1-celled, with 2-^^ parietal 
* placentas and as many styles, or .’l-S-cinled by union of the dissepiments 
in the centre; dehiscence septicidal; seeds numerous, exalburainous. 

iLlitrSTHATIVK OeNEUA. 

Hypericum, Z. | Pamassia, Z. (aberrant form). | Visniia, Velloz. 

AfiBnltleg. —This Order i.s not distantly removed from thi' Clusiacea!: but 
the habit, the horniaphrodite flowers, usually distinct styles, the want of 
articulation of the peduncles and petioles, tin' numerous seeds, and the 
o-meroius floral envelopes generally atl’ord distinctive niarhs. Prom 
Ternstreemiads they diner in their (?ymost> inflorescenco and opposite 
■ leaves. The dark-coloured glands on th(> borders of the petals are very 
characteristic here, as also the polyadelphous .stamens, which are .some¬ 
times regarded as iustauce.s of chorixis (§ 14‘.>), but which more probably 
are compound stamens. The genus Ptininuxid diti’ers from the rest of the 
Order in its alternate leaves and the stigmas oppo.site the parietal placentas; 
but in .some species of IIi/pm'ciDn the a.vile ))lncentas become drawn apart 
during the ripening of tht' .seed, and show their really marginal origin ; 
and the glands on the petals of Pitnmma are probably related to the 
bundles of stanien.s of Jliijiericnm. ParnanKut i.s regnriled by some as 
referable to Dro.sernce.'n; it forms a link connecting the present Order 
with Cistacem and, being sometime.s perigynous, also with Saxifragacete, 
with which latter grouj), indeed, it is associated by Hooker. 

Distribution.—There are a con.siderable number of species, distributed 
through 8 or 10 genera. The plants are gen(*rally disperseil tlirougliont 
the temperate and warmer regions of the globe. 

. Qualities and Uses. —When a yellow juice rescinhling tliut of Cliisiae('ro 
exi.sts, it is more or le.ss purgative, as in .some .Vnicrican lliipi-rira, and 
.still more in the species of J'l'a/niii, wliich yield a gum-resin like gamboge; 
that of f'. piiidumsis (Mexico and Surinam) i.s known ns ,\merican fiiimnn 
Gutta. In the liuropean species of Hi/perirniit the essential oil of the glands 
predominates over the yellow juice, and they are .sometime.s used ns tonics 
and a.stringents. 7/. Anilroxfsttwni and the many other native sjjpcie.s have 
a strong and peculiar odour, especially when dri('d; 77. hirciniim is fretid. 

(RF.Ar.MtfnTACF..E con.sist of a few plants .scarc.dy separable from IR-])e- 
ricace®. They have shaggy .seeds with a small quantity of albumen, and 
a pair of appendages at the base of the petals. Jlenthani and Hooker 
refer them to Tamaricacene, from which they differ in their solitary 
flowers and floury albumen.) 


Order XXXII. ELATINACE/E. W vter Peppers. 

Class. Guttifer®, Emil. All. Rutales, ZimU. Coh. Outtiferales, 
lientli. pt Ilooh. 

t 

389. Diagnosis .—Little annual marsh-plants, with opposite dot¬ 
less leaves and membranaceous stipules; flowers minute, axillary; 
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sepals and petals 2-5; capsule 2-5-ccllod, with an equal number of 
styles with capitate stigmas; seeds numerous, exalbuminous. 

Illustiiativf, Geneua. 

Elatliie, L. I Berg^a, L. 

Affinities, Ae. —This little Order consists of n few species scattered all 
over the world, generally nerid in character. Their relations are variously 
regarded by dill'ermit authors ; formerly they were platted near Ahinefe 
in Oarvophyllaeem, from which their inany-celled ovary divides them ; 
they appear at least equally related to llypericaeefc, from which they 
dili'er in the presence of stipules and the isomerous flowers; they come 
near to Zygopliylhicea^, as shown by Lindloj’, the tran.sition being elfected 
through the genus Anatropa. 

Order XXXIIl. SAPINDAC3LE. Soap-worts. 

Class, .\cera, Endl. AU, Sapindales, Lindl. Coh, Sapindales, 
lien lit. (‘I Jlof)!;. ‘ 

•‘100. Dia(/iiosis. —Tr(“e.s. .«hruh.-, or I'andy herh.s, with simple or com¬ 
pound alternate or <ipposlte leaves ; liowers mostly unsymniotrical and 
irregular, the 4-5 .sepal.s and jietals imliricatod in u’stiva’tiou; the latter 
often provided with a .scale at the base ; the 5-10 stamens inserted on a 
tleshy hypogynou.s or perigynoiis disk ; ovary 2-.‘l-celled and lubed, with 
3 (rarely more) ovules iu each cell; embryo mostly curved or convoluted, 
without albumen. 

li.i.cs'i i! vnvE Ge.neh.v. 

Suborder 1. Saptnde.e. Leans .Ksculus, 71. 

alternate; avails iiiastli/ solitary; eai- , Pa\ ia, Jloirli. 

!>n/o rarmi or .wnietiaas straii/ht. ' Subonler 3. DonoN'lEE. Leaves 
Gardio.spermum, L. ■ alternate: arales 3 or 3 hi a cell: 

I’aulliuia, L, i eaihn/a spiral, 

Sapindus, L. Kmlreuteria, Irun. 

f'upania, L. Ophlocarvon, Sclunnh. 

Nepheliuni, L. i Suborder 4. .Meliosmk.e. Leans 

Suborder 3. TIippoc.vst.vne.v;. : alternate: Jiau-ers vertt irreijalar.sta- 

Leares apposite; ornles 3 in a n II. one mens 5, onl// 3 fertile ; ovules 3 in 
aseeniliin/, the other siispenileil; em- ; earn cell, hath sn.speiiileil; embryo 
hryo earrecl, with large, consolidated , folded up; fruit a drupe, 
cotyledons. i Molio,sma, Jiiijll. 

Affinities.—Some authors .separate (he lUppocastumw and make them 
a di.stinct Order, on account of the opposite leave.s and the two ovules ; and 
tlio Mdiosmcce on account of (he iiT<>gulnr (lowers and drupaceous fruits ; 
but tlie.so distinctions are ('steenied iii.sutlicient. The.se plants are nearly 
related to Acernce.sc, especially b_v the samaroid fruits common hero : the 
main distinctipns are variable; for the two carpehs, the oppo,site leaves, 
and the ahsemee of scales on the petals and of an aril may bo noted iu 
Sa]undacem: from Malpighiacefc, whicli have samai’oid fruit, they are 
distinguished by their imsymmetrical flowers. 
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The peculiar convolution of the embryo is a very marked character in 
many of the Sauindaceie, and is very curious in Ophiocanjon, the Snake-nut. 
The wood of tlie stems of some genera, a\ich as Sapindus, r<mUmia, &e,, 
presents anomalous conditions from the distribution of the libro-vasculnr 
structiires into several groups, so that the tmnks have a number of false 
■woody axes besides that surrounding the pith,all enclosed in acommon bark. 

Distribution. —The members of this large group are natives of the 
tropics, especially of South America and India; some occur in North 
America and other tempecato regions; the Horse-chestnut is only 
naturalized in Europe. 

Qualities and Uses. —The properties of this Order are very various. 
They take their name from the saponaceous principle contained in the 
fruits of species of Saptmlus, S. Sapmiaria &c., which makes a lather 
■with water; hence the fruits are used for washing both in the East and 
West Indies; the Ilonse-ehestnut, /Tlsculm Hippocastanum, possesses it 
to a certain extent. The fruits of S/tpiiidiia are acrid; and the juice of the 
leaves and bark of some species is poisonous, as are the seeds of S. mie~ 
galemis. The fruit and leaves of the American Horse-chestnut or Buck- 
eve, JEscnhis ohioetmn, are said to be actively poi.sonous, while the seeds 
of JK. Jrippocastanum are given to sheep in Switzerland. The l’aullinia.s 
are very poisonous, from an acrid narcotic principle ; yet P. norbilis fur¬ 
nishes m its fruits an article of food for the Brazilian aborigines, called 
Guarana bread. Other plants produce delicious fruits, such as the 
Chinese Litchi, the Longan and the Rambutan, from sp<‘eies of Ac- 
pheliu]^\ and ■the fruits of Sclimuklia edulin fBrazil), Meliwcu hipii/a 
(%yest Indies ancf Brazil), Pappea capensk, Citpiima mpida, PauUinia 
subrotunda, Schleichera trljuyn, Unpindus esetdentus, ka. are all eaten. 

(StaPHYLEAcjoje, comprising a small number of species, were formerly 
regarded ns related to Cclastrace,'®, but are now placed near Saplndaceic, 
from which they differ chiefly in their stipulate, opposite, pinnate h'aves, 
symmetrical flowers, albuminous seeds, and straight enibrvo. They are 
of little importance; the species of Sfripbi/ha are .scattered all over the 
world. <S. pinnata, the Bladder-nut, a native shrub, has oily and slightly 
purgative seeds.) 


Order XXXIV. ACERACEyE. Maples. 


Class. Accra, Endl. All. Sapindales, Lindl. 


.391. Diaynosis .—Trees or shrubs with oppo¬ 
site leaves, regular,unsymnietricnl, polygamous 
or dioecious, sometimes apetalous nowors; 
stamens on a fleshy disk (Pg. ; ovary 
2-lobed, 2-celled, with 2 ovules in each cell; 
fruit a double samara, tvith 1 seed in each 
cell; seeds without albumen; cotyledons 
folded, radicle inferior. 


Illustkativk Genera. . 

Stamens and 

Acer^ Z. j Nejfundo, ovAry of Acer. 




Embryo of Acer 
extracted from 
the .seed. 



thalami^loe^. 
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Affinities.—Nearly related to Sapindaccte, and placed with them by 
llenthnni and Hooker, from which, however, they differ in their opposite 
leaves and petals without scales; allied also to Malpighiace®, from which * 
they differ in the absence of glands on the calyx, superior radicle, and 
other characters. 

Distribution.—The group consists of 60-70 species, natives of the 
temperate parts of Kuropti, Asia, and North Amenca. 

Qualities and Uses.— (Jhielly roraarkablo for the sap, from which 
abundance of sugar is obtained in spring, especially from A. saccharinum 
(North Aniericaj. Their light and handsome timber is also valued for 
joinei-y &c. The bark is astringent, ond'used in dyeing. A. campestre, 
pative Maple, and A. pseudo-Platanns, the Sycamore, are common trees 
in Hrilain, Nepundo and various other kinds of Maple have been in¬ 
troduced from North America on account of their beauty as ornamental 
trees, especially in autumn. 


Order XXXV. POLYGALACEiE. Milk-worts. 

Class, rolygaliiue, Jdndl. All Sapindales, Lindt. Coh. Polygalinese, 
Benth. et Jlook. 

392. Diarjnosis .—Herbs or shnibs with alternate, exstipulate, sim¬ 
ple leaves ; irregular hermnphroclit e flowers; 4-8 diadelphous or mo- 
iiadelphous stamens; the anthers l-collcd, opening at the apei by a 
pore or chink; fruit a 2-ccllcd, 2-seede(l pod; seeds carudculated. 

Cluiracter. 

Ctthjx : sepals o, very irregular, distinct, often membranaceous ; 3 
placed exterior, 1 behind and 2 in front, the interior 2 (imujs) 
lateral, usually pctaloid. 

Corolla : petals usually 3, 1 anterior and large (heel) and 2 pos¬ 
terior, botween the wings and posterior sepal of the calyx, and 
often coherent with the keel; sometimes 5, the additional 2 small, 
and placed between the wings and the anterior sepals on each 
side ; the l-eel entire and with a fringe or crest, or 3-lobed and 
without a crest. 

Stametut hypogynous, 8, coherent in a tube, unequal and ascend¬ 
ing ; the tube split opposite the back sepal; on 4, distinct; an¬ 
thers clavate, 1-celled, and opening by a terminal pore, or 2- 
celled. * 

Ovary compound, 2-3-colled, one cell always suppressed in some 
cases; ovules suspended, solitary or twin ; style and stigma simple, 
sometimes hooded. 

Fruit various, dry^ or succulent, sometimes winged ; seeds pendu¬ 
lous, naked or with a hairy coat, a caruncle n6.xt the liilum ; em- 
bryo straight or nearly so, in abundant albumen. 
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iTI.rSTKATIVF, GeNKKA. 

Salotnoiiiii, Lour. ^fonuina, liniz Par. 

Volvjrnla, L. Securidaea, L. 

MiniJia, Kmith. Xantliopliylluni, Puxb. 

Krameria, Laffl. (?) 

AfSnltleSi— Tlie relations of tlie Polrirnlacefe haAO been a subject of 
iiUK’li discussion atuoup: botanists. The in'i,''rulnr corolla, aomewliat 
papiliouaeoous in Pvl;/yala, Jias led to a comparison to In'inimiiiosm, 
irom 'svliicb, however, they diller widely; moreover the odd petal is 
anterior in Polyjralads, not next the axis as in Lefrnminosm. The irregu¬ 
lar petals, together with the hooded stigma, have suggested a relationship 
to Violacciv ; Krainrriii has been‘referred by some writers to the. Giosal- 
piueous division of the Legumiuos.T. .M('st authors, however, are agreed 
that the neart'.st affinity is to Sapindaeete. Kramm'a is raised to the rank 
of a distinct Order by a f(!w writers, on account of the ditl’erent corolla, 
compo.sud of o petals, 4 (often free) .stamens, and 1-cidled ovary. 

Distribution. —A large (.h'der, iii'iirly half tin* species of which are com¬ 
prised in the irpims Puhjiiak and are v(*ry generally distribntetl; thu 
others art* mostly contined to particular quartc'rs of the ghdie. 

Qualities and Uses. —The plant.s of this ()rder are mostly bitter, and 
acrid or astringent, with a milky juice in the root. The common .Milk¬ 
wort, P. riiljiirris, find especially tin* form (*alled P. amara, possesses 
bitter properties, hut in less ilegree than P. ruhrlla of North .Vmt*rica. 
Soulamia amara (Molucca) is said to be intt*nsely bitter. The more 
active species of Pilyjjnia have om<*tic, purgative, and diuretic properties; 
P. &*/«•*//«,The American Hnnlte-root, with 7’. .aiiiniiimt and /wr/»//*co, the 
Cape P. Si'ipfiilaria. the European P, t hamn-ba.iiix, mA the P. crofala- 
rionk-^! of the* Ifiuialava-i Scr., all show this property; and they arc* like¬ 
wise all reputed antidotes against the poison of sn.akes. P, venenoxa (.lava) 
is regarded as a poison, the properties being excessively conc(*ntrnted. 
P. iiuetnrm (North .Vmerica) is used in dyeing. The Ijarlt of the root of 
a speci(*s of Mundia contains a sapouaci*ous substance, and is used for 
washing. Krameria triandra and other species, called Phatany, are 
remarkable for the powerful astringent quality of the roots, which gives 
a deep red colour to an iufu.don. Uh it.uiy-root Is used in medicine, and 
is employed also to adulterate Port wine. 

(TnE.MANmnACK.F are a small Order of plants related to I'oIvgalnce.T!, 
but with a regular, .syrum(*trical flower, valvide calyx, free stamens, and 
seeds hooked at the chalazal f*nd. They may be r(*gard(*d as regular- 
flowered Polygalas, D(; Oandolle placed them between Polvgalacem and 
Pittosporacece. They are slight, lieathy shrubs, growing in .*VustraIia; 
16 species are known, belonging to the genera Tremamira, Tetratheca.nnA 
I^ij/lheca. They (hnit e their names from the porou dehiscence of the 
anthers, and are of no known use.) 
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Order- XXXVI. MALPIGHIACE^. 

Class. Acera, Eiidl. All. Sapindales, Litidl. 

303. Diaynosis .—Tree.s or shnibs, often cliniLers, witli usually opposite 
or wliorled, rarely alternate leaves; stipules geuerally sliort and dociduouS; 
occasionally large and opposite the leave.s; ihn.-.'rs perfect, or polygamous; 
calyx and corolla 5-meroiis, calyx with glands at the base of I or of all the 
.segments ; petals clawed; .stamen.? mostly^10, often monadelphous with a 
thickeneil produced conuccti^’e ; carpels 3, or ^ ery rarely 2 or 4, wholly or 
partly coherent, often k(!eled ; oviile.s .solitary in the celh, pendulous liom 
long funiculi; .seeds exalhuminuu.s; embryo wdth mostly convolute thick 
or leafy cotyledons. 

Il,H:STI!ATIVE GeNEUA. 

Malpighia, Plum. Tvitraria, L. 

Jlyr.sonima, lUvh. Itanisteria, L. 

Aiflnities, &c.—The clo.se.st relation.? of thi.s Order are,SapindacesB and 
Aceracete, from whicli they are di.stiuguished by their symmetrical tlowera, 
and generally hy the glniuls in the calyx, the long stalks to the petals, the 
small disk, and .solitary ovule. .Some of tin; climbing kinds have steins of 
anomalous structure with several woody axes, without annual rings, en¬ 
closed in a comnioii hark, or ultimatidy morn or less separated from one 
another. Nitrurin, a genus of saline plants, is sometimes separated as a 
distinct Order. The Order i.s a large one, compri.sing many genera and 
species, which latter are mo.-llv Tropical-American. Their properties are 
generally unimportant; many of them have been introductd into our 
stoves on account of (heir showy (lowers. The fruiti^ of Midplt/hia ylabra 
and puiikifdlia are eatiui in the V'est Indies, miller the name of Baibadoes 
Cherries. JIunhy supjioses the sedative or semi-iiiloxieating drupe of 
Kitraria iru/ciifutu (North .,\frica) to have been the Lotus of the ancient.?. 
The bavli of most kinds is astringent: the hairs of some -Mnlpitrliias sting 
powerfully. 

(Euy’THnoxYr,ACK.aj are bv some authors separated from the Malpighi- 
aceio on account of the calyx having no gland.s, while the petals present two 
meiiibranous plates, on account of their capitate stigmas, and the absence 
of a long funiculus to the anatropous ovule. They arc closely allied to 
Lhiacete, with which, indeed, they are lu^sociated by Iteiitham and Hooker, 
but did'er in the presence of .scales to the petal.?, their drupaceous fruit, 
and woody stem. They ai’e shrubs, mostly belonging ^o one genus, En/- 
Ihro.cylou, and found most abundantly in Brazil ; but a few are scattered 
all over the globe. The}' receive their urfiiie from the red colour of the 
wood of some kinds, such ns Erythroxyhm fiyjirricifn/ium (Jlnuritiu^. 
The most reniarkahle plant of the Ordcr'is>7v. Coat, the leaves of which, 
under the name of Coca or Ipndu, are largely consumed in Peru and in 
Plquntorinl America,to produce a kind of into.x’icatiou; “Cocais snid to 
enable tbe natives to go two or three days without food; it is mixed with 
powdered chalk and chewed. Several species of Erythrvxylon are recorded, 
and two or three belonging to other Genera.) ’ • 
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Order XXXVII. CEDRELACE^. The Ebony Order. 

Class. Ilesperides, Httdl. All. Eutales, Lindl. Coh. Geraniales, 
Benth. ci Hook. 

394. Diagnosis. —Timber trees wth alternate, pinnate, exstipulate leaves; 
calyx and corolla 4-5-nierous; stamens 8-10, distinct, inserted in an 
bvpojryaous disk; ovai-y with 4-6 cells or 3; ovules 4 or more, in 2 rows: 
fruit capsular, the valves separating from an angular column; seeds flat, 
winged; albumen thin er none. 

iLLUSTnAlTTE GeNCBA. 

Swietenia, L. ’ | Flindersia, 11. Br. | Cedrela, L. 

Affinities, &c. —N earh’ related to 5Ieliacea?, and included in that family 
by most recent authors. The species are distinguished chiefly W the free 
stamens and the numerous winged seeds. Cliloroxglon and tlindersia 
have dotted leaves. The plants ai-e most common in the tropics of xVmerica 
and India. They have fragrant, aromatic, and tonic properties, and their 
timber Ls valuable. Hwietenia Muhogani is tlic Mahogany-tree; its bark, 
and that of Cedrela Toona, fefyifugu, and other species, are u.sed as sub¬ 
stitutes for Cinchona. Chloro.vgion Hwietenia furnishes East-Indiiui Satin- 
wood : and an oil called "Wood-oil is obtained from it. O.elega xanthoxylu 
is the Yellow-wood of Austridia. 

Order XXXYIII. MELIACEii:. 

Class. Ilesperides, Endl. All. Rutales, Lindl. Coh. Guraniales, Benth. 

et Hook. 

396. Diagnosis. —Trees or .shrubs with alternate or somewhat oppo.<ite, 
simple or pinnate leaves, without stipules; flowers .=onielinies diclinous by 
abortion ; calyx and corolla 3-, 4-, or 6-inerous; staniims twice as many, 
coherent in a long tube; anthers se.ssile in the orifice of the tube; liypo- 
gynous disk sometimes oup-liko ; ovary compound, few- or manv-celled; 
.style 1; ovules 1-2, rarely 4 in a cell: fruit succulent or capsular, often 
l-ceUed by abortion ; seas not winged; albumen fleshy or absent. 

IlLU-STHATO'E Gr.XETtA. 

Melia, L. Guarea, Z. 

Lausiuuf, Itumph. t'arapa, Auhl. 

Affinities, &c. —Nearly related to Cedrclacea; and Aurantiacem. A more 
distant affinity is with .Sapiudacete and Kutacere,. I’he sm'cies are nume¬ 
rous, and are found in the hotter parts of the globe generally; they possess 
bitter and astringent propefties; some are powerfully purgative and 
emetic, such as Guarea AuWetii and trichiliuides, Trichilta emetira, &c. 
Melia Axedarach, the Neem-tree, or Margo.sa, of the East Indies, is sup¬ 
posed to have febrifugal properties ; its succulent pericarp yields an ou j 
and a kind of toddy is obtained by tapping it. Carupa guineensis yields a 
purgative oil, which is used also for lamps. Lansium, a genus of tlie East- 
Indian archipelago, yields an edible ihiit called Langsat or Lauseh and 
Ayer-Ayep. 
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Order XXXIX, AURANTIACE,;!!!, The Orange Order. 

Class. Ilesperides, Endl. All. Eutales, Lindl. ' 

300. Z) 8 a 9 «osw.—Trees or shrubs with smooth, glandular alternate 
leaves, the blade jointed to the petiole; flowers regular, hermaphrodite, 
3-5-merous; petals and stamens insei-ted on an hypogynpus disk; stamens 
with flat filaments, distinct or coherent into one or several parcels j ovary 
many-celled, style single, terminal; fruit pulpy, often with a glandular 
leathery rind j seeds without albumen; embryo with thick fleshy cotyle¬ 
dons and a short radicle ne.vt the hilum. 

Ii/EUSThative Geneka. 

Triphasia, Lour. Cookia, Sunner. Algle, Corr. 

llissoa, Arn. Ferouia, Corr. Citrus, L. 

Jiergera, Kosn. 

Atanities. —The plants of this Order are by Bentham and Hooker classed 
as a tribe of Itatacea-, and are nearly related to the Meliuceos in the struc¬ 
ture of the flowers, and still niore closely to Aiuyridacete. In general 
the^' are, distinguishable by the dotted legves, with tlm blade (simple or 
compound) articulated to the petiole, the deciduous imbricated petals, 
and the sucoilenl fruit. The relation to llutaceic is rendered clearer by 
occasional monstrosities of the fruit, from which some of the carpels grow 
out like horns. Sometimes a second circle of carpels i.s produced, forming, 
as it were, a double concentric fruit, comparable in some measure to the 
conditions in the Pomegranate, where, however, the whole fruit is en¬ 
closed ill the excavated receptacle. The seeds of Granges often contain 
two embryos; and they are remarkable for the development of ramified 
collections of spiral vessels at the chalazal end, within the testa, also for* 
a peculiar coloration of the inner coat of the seed in this situation. 

Distribution.—Chiefly East-Iudiau plants, but 'difl'used by cultivation 
throughout the tropics, and e\ eu iu the warmer temperate regions. 

Qualities and Uses. —The most remarkable parts of these plants are 
their fruits; those of the genus Vitms heiug among the most valuable and 
best-known of imported fruits. 'I'lie species of Citrus are not clearly de¬ 
fined, mucb difl'ereiice of opinion e.vistiug as 16 the specific distinctness of 
certain forms, wliicli, as in most cultivated plants, are much confused. 
C. Aurantium is the coiiimon Sweet Grange; C. liigaradia or C. vulgaris, 
the bitter or Seville tliange, seems to be known only iu cultivation, and 
is supposed by some to be a variety of the preceding. C. Ikryantia is the 
!Mellaro.sa or IJergamot Orange, which i.s also regarded fus a vaiiety of C. 
Limdta, the cultivated Sweet I.ime; C. acitla is the J'lust-Iudiaii Lime j 
C. Limonium is the ordinary Lemon; C. Lumia is the Sweet Lemon, cul¬ 
tivated iu the Soutli of Europe; C. medic9 is the Citron ; C. decumnna is 
the Shaddock; C. Paradisi the Forbidden-fruit; C. Pompehnos the Pom- 
pelmoose; and* C.,/upontea the Kumquat. All these fruits have an- 
abundant pulp, which varies chiefly in the degree of acidity and the 
jieculiar ai’oma; that of C. Bigaradm is also bitter. The rind of all is 
hragraut, from the presence of imbedded glands contiuning essential oil of 
aromatic and bitter character; the flowers partake of the aromatic qualitj’'. 
The oil of Neroli is obtained from tho flower of C. Bigaradia ; but the oil 
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of the rind is also used for making Orange-flower water. Oil of Berfra- 
inot is from the flower and rind ol the fruit of C. UL-rgnmin-, hnite de Ce- 
• (h(Tt from C. medicn ; tlie e.ssential oil of the Lemon-riml is also hir>rely 
used. The riiul.= are also valued for their bitter and aromatic properties 
when dried or preserved with sugar. The dry rinds of Orange, Lemon, 
itc. are used ns stomachics in medicine, in infusions and tinctures; and 
are also emploj-ed in the preparation of liqueurs and cordials, such ns 
Cui-aij'oa &c.; the fruit, rind, and pulp, when preserved with sugar, form 
'* marmalade," the best being, made from the Seville Orange. The acidity 
of the Jjime and Lemon depends chiefly on the presence of citric acid, and 
renders them very valuable as antiscorbutic agents. Aiglc Mannehs has 
a delicious ii'uit, which, howi'ver, is laxative;. . The rind is used as a ver- 
tuifug'e. Coohia jiiuirfatti yield.s the Wampee, hig-hly valued in China and 
the East-Indian archipelago; and the fruit-s of other plants of the Order 
are eaten. Tlie wood of all the trt'es is hard and comp.iet; the foliage 
shares the fragrant character of the fruits, containing abundance of glands 
filled with aromatic, bitter es.sential oils. 'I'lie Orange, Lemon, and their 
varieties are largely cultivated in the Smith of Europe in the open air; 
and in our coii-servatories they are everywhere prized, both on account of 
their striking appearance when in fruit and the delicious perfume of the 
flowers.. Orange- and Lemon- trees sire wonderfully prolific of fruit; .and 
the plants retain their vitality with great obstinacy when taken from the 
ground and transported to a distance, and when they are multiplied by 
cuttings. 


Order XL. LINACEyE. The Flax Order. 

Cldsn. Gruinales, £Hdl. AH. Oeraniale.s. Tdiidl. Coh, Oeraniale.s, 

• lieiith, et Hook. 

!^7. DiagnoMK. —Herbs, or sometimes .shrubs, without stipules; with re¬ 
gular symmetrical hermaphrodite flowers, T-.l-meroiis throughout; calyx 
imbricated; petals convolute in ai.stivation; stamens o, coherent at the 
base, often with intervening sterile stamens; ovary compound, of about 
as many carpels as there are sepals; styles di.stinct; capsiue many-celled, 
each cell divided more or less perfectly into two by a false septum from 
the dorsal suture, each compartment with one seed, baving a straight oily 
embryo and with, or rarely without, albumen. 

Ili.i;sthative GrixEBA. 

I.lnum, L. I Iladiola, DUlen. 

, Afltnlttcs.—Most nearly related to Oxalidace.'e, but likewise connected 
with Caryophyllacem, .Malvaceic, and Geraniaceie by the general structure 
of the flowers, the coherent stafnens, &c.; but thi; .simple entire leaves and 
the peculiar structure, of the eap.side arc ver\k (ii.-tlnctive marks. From 
Malpighiacem they differ in tlieir glandless cafyx. 

Distribution, —.V. small Order, generally difi'uscd, but most abundantly 
80 in Europe and North .Africa. , 

Qnolitles and Uses. —Litmm cathatiicum, a native weed, has active 
purgative properties; hut the mo.st important plant of the Order is I,, 
mitatmimumf the liher-fibres of which constitute Flax, while the seeds, 
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known ns Linseed, yield a moat valuable drvinp-oil, and their cako forms 
an excellent material fpr fattening cattle, fbe ilowers of many species of 
Linam are very showy (blue, yellow, pink, &c.), but are mostly fugacious. 


Order XLI. OXALIDACE^E. Wood-Sorrels. 

Class. Gruinales, Endl. All. Geraniales, Lihdl. 

398. Diagnosis. —Herbs, or rarely sbrubs or trees, with an acid juice ; 
mostly compound leaves; regular, symmetrical, hermaphrodite, 6-merous 
tiower.s; calyx imbricated, and petals convolute in coativation; stamens 
10 , somewhat monadidphoiis; styles o, separate; capsule 6-ceUed, several- 
seeded ; seeds albuminous; embryo straight or curved. 

Illustrative Genera. 

Oxalis, L. I Averrhoa, L. 

Affinities. —Nearly related to Geraniacere, with which Bentham and 
Hooker unite them. From Linacere they may generally be distinguished 
by their compound leaves and albuminous seeds; but the septa or the 
capsules of that Order afford the most constant distinction. The seeda'pf 
Oxalis have an elastic fleshy coat, which opens with elasticity and expels 
the seed wlieu ripe. Some "regard this as an aril, others as a development 
of the testa. Tne lea^ea of many kinds are sen.sitive, especially Oxalis 
sensitioa and Aserrlwa JiUimlji-, but others possess the quality in lower 
degree. 0. huplcKrifolia and som() other species have phyllodes (§ 71). 

Distribution. —A rather large tlrder, the members of which are gene¬ 
rally diffused in temperate and hot climates: most abundant in America 
and at the Cape of Good Hope. The slirubby kinds belong to hot climates. 

Qualities and Uses. —The most marked property of Oralis is the acid 
juice, depending on the presence of oxalic acid. O. AceiosMi, Wood- 
sorrel, abounds in our woods. Averrhoa liilinibi, the Blimbing, .,4. Ca- 
rambola, tlie Oaraiiibole of the Ea,«t Indies, have acid fruits, which are 
eaten by the natives, but used chiefly- ns pickles by EuropeaTis. Some 
species of Oxalis have tubers furnishing wholesome food. O. crenata 
(Arracacha) is u.sed like potatoes in Uolumbia; O. Dep/wi has roots as 
large as small parsnips. T'lie tubers of O. aiithehnintica, the Mitcha- 
mitcho of Abyssinia, are said to be valuable as an anthelmintic. Many 
kinds are cultivated on account of the beauty of their flowers. 


Order XLII. GEllANIACEiE. Crane’s-bills. 

% 

Gass, Gruinales, Dndl. All. Geraniales. itMdl Coh. Geraniales, 
J3mth. et Hook. 

399. Diagnosis .—Herbs or shrubs, with articulated swollen stem- 
joints ; opposite or alternate leaves, and membranous stipules; regular 
or irregular, symmetrical, hermaphrodite, 5-mcrous flowers; sepals 
imbricated and petals convolute in testivation; stamens mostly 10, co¬ 
herent at the base, the alternate ones shorter and sometimes barren; 
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carpels 5, adherent to a central prolonged axis (carpophore), from 
which they separate when ripe by the elastic curling-back of the 
segments of the style, carrjdhg away the 1-seeded dehiscent cocci. 


Cliaracter. 

Calyx: sepah 5, ribbed, persistent, more or loss'ilnequal, imbricated 
in the bud. 

Corolla : petals 5, or rarely 4 (by abortion), clawed, 
equal or unequal, twisted in aestivation, sometimes 
perigynous. 

Stamens mostly monad'elphous, hypogynous, 10 or 15, 
some occasionally .abortive. , 

Ovary of 5 carpels cohering with their long st 3 ’les to 
an elongated column from the apex of the recep¬ 
tacle, each l-celled, 2-ovuled; stiymas distinct. 

Fruit composed of 5 l-seeded carpels, which sepa¬ 
rate below from the central carpophore (fig. 355), 
their persistent stj-les curling up and remaining 
attached at the summit; each carpel bursting in¬ 
ternally to discharge its seed; seed exalbuminous, Fruit of 
rrtth a convoluted embryo. d«hincent. 



Illustrative G enera. 

Erodium, Hent. Monsonia, L. 

Geranium, HSrit. Pelargonium, Hirit. 

Affinities.—^Many points of affinity exist with Oxalidacese, Linacem, and 
Balsaminace®, likewise witli Tropieoluceso, and, less important ones with 
Zygopljyllace®. The aiTangement of the carpels round a column, the 
palmate leaves of some kinds, the monadelphous stamens, and the con¬ 
voluted embryo cause a good deal of resemblance to some of the Mal- 
vace®. The peculiar fruit, the stipules, the swollen joints of the stem, 
and the convoluted embryo separate this Order from the nearest allies; 
from Malvace® it may be distinguished at once by the imbricated testi- 
vation of the calyx. Pelargonium is remarkable for a spin or pouch ex¬ 
tending from the base of the calyx and adherent to the peduncle. Most 
of the plants have aromatic oil contained in glandular hairs, giving a 
musky or other strong odour. 

Distribution. —The species are numerous. Geranium and Erodium 
belong chiefly to the temperate parts of the Northern Hemisphere. 
'Pelargonium abounds at tho^Cape of Good Hope, and occurs in Australia. 
One species is found in Asia Minor. 

Qw^tiee and Uses.—Astringent and aromatic properties are general. 
The common weed G. Robertianum, had a reputation formerly, and the 
6. maeulatum, or Alum-root of North America, is a powerful astringent, 
containing a large amount of tannin. The species of Erodium which 
emit a musky odour are sajd to have similar properties. Some have 
•tuberous roots; that of PeUtrgotduin trUle is eaten at the Cape of Good 
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Hope. The species of Pelargonium are remarkable for the beauty of thm 
flowers, which are more or less irregular and spurred, and have great sus¬ 
ceptibility of improvement by culture, andfi tendency to run into varieties, 
rendering them established “ florist’s flowers.” Many of them have zones 
or belts of colour in the leaves. The species of Geranium proper have 
regular flowers without spurs. 

Order XLIII. BALSAMINACEiE*. Balsams. 

Class, Gruinales, Endl. All. Geraiiiales, Lirull. 

400. Diagnosis. —Annual plants with succulent stems, full of bland 
watery sap ; flowers hermaphrodite, very irregular; stamens S, somewhat 
united; the fruit mostly bursting elastically when ripe. Embryo straight, 
exalbuminous. 

Illustrative Genera. 

Impalieas, L. | Ilydrocora, Blum. 

AiBnltles, (kc. —This Order is nearly related to Gnraniace®, and is included 
in that tamily by Benthaui and Hooker, but may be distinguished by the 
■want of the peculiar carpophore of that Family,*and by the much greater 
irregularity of the flower; the irregular flower also separates it from 
Oxalidacem and other allied Orders. This irregular flower does not really 
depart widely from a syminotricul condition: it is completely 6-nieroas, 
except in the suppression in Impatiem of the petal opposite the bract 
(which is developed in Hgjirocera) ; the two sinnll lateral sepals, the spur, 
and the double segment on the oppo.site side to the spur form an imbri¬ 
cated calyx of live parts; the odd petal oppo.site the two confluent sepals 
is suppiessed, and the others are gcnenilly combined into two 2-lobt'd 
bodie.s, but are sometimes free; in single flowers the stamen.s alternate with 
these ; in double cultivated flowers a second corolline circle of five petals 
sometimes appears in the place of the stamens, and the .stamens alternate 
again rvith tlicse. The structure of the ovary and its mode of dehiscence 
are also deserving of notice. The name of the genus Impatiem is derived 
from the elasticity with ■which the capsule bursts ■when touched after the 
seeds are ripe. The species are rather numerous. A few are scattered 
over the globe; but the majority are East-lndian. Their properties are 
unimportant. I. BaUamina is a valued tender annual plant; 1. Nuli-me- 
tanyere grows in the north of England ; and I. fulva (North America) is 
naturalized in some places in Southern England. 

(Vivianace.?e are a small Order of South-American herbs or half- 
shrubby plants, related to Geraniacem, but having a valvate calyx and 
albuminous seeds. Properties unknown.). 


Order XLIV. TROP.iEOLACEfE. Garden-Nasturtiums. 

Class. Gruinales, Endl, All. Malvales, Lindl. 

401. Diagnosis .—Smooth trailing or climbing Ijprbs^with apungentjuice) ■ 
leaves alternate, exstipidate; flowers axillary, irregular, perfect; sepals 1 

m2- 
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3-6, the upper oue spurred; petals 1-6; stamens 6-10, peripfynous, dis¬ 
tinct ; ovary superior, of 3 or 6 carpels; stylo. single; stigmas 3-6; 
ovules pendulous, 1 in each carpel; fruit dry; carpels separating as in- 
dehiscent achenes from a central axis; seeds largo, exalbumiiious. 

Illusthatite Genjkha. 

Tropoeolum, L. | Chymocarpusf Z)o«. 

AfBnltles, *c.—A small Order of plants, natives of the temperate parts 
of South America; related to Malvacece and Geraniacem, and included in 
the latter Family by Bentham and Hooker. The genus Tropteolum con¬ 
tains the garden Nasturtiums, or Indian Cresses, notable for their pun¬ 
gent juice, somewhat like that of Cruciferre. Varioas species have a 
tuberous root; that of T. tuberosum is eaten in Peru. The spur of the 
calyx of Tropatolum is curious, resembling that of Pelaryonium, but is 
free from the peduncle. In some cases it would soem to be a tubular 
process from the receptacle. The flowers are mostly showy and of great 
variety of colour. The Canary Creeper, T. pereyn'tiiwi or adunctnn, may 
be noticed for the power of the full-grown plant to obtain its nourishment 
apparently almost entirely from the atmosphere, and for its climbing by 
twining its petioles, like Clematis. 

(Limnanthacea!. a small Order of North-American plants, aro chiefly 
distinguished from TropacolnceiT, with which they aro associated in the 
family Geraniacea by Bentham and Hooker, by their regular flowers, 
erect* ovules, and the adherence of the stamens to the calyx. Their 
properties are analogous. Limnartthrs (California) has showy flowors. 
Flcerkia (United States) is a mere weed.) 


Order XLV. Z-YGOPHYLLACE^. Bean-Cai-ers. 

Class, Terebinthinoe, Endl. AU. Rutales, Lindl. Cok. Geraniales, 
Hook, et lienth. 

402. Diagnosis. —Herbs, shrubs, or trees with oppo.site stipulate, mostly 
imparipinnate, not dotted leaves; calyx and corolla 4-5-merons, im¬ 
bricated in aestivation; stamens twice as many, hypogynous, each usually 
at the back of a scale ; ovary simple, surrounded by glands or a toothed 
disk, more or less deeply 4-5-lobed, 4-6-cclled,' fruit capsular; dehiscence 
valvular or into, cocci; few-seeded; albumen jjiariug or none. 

Innij^TiiATin! Guneba. 

Trihulus, Toumef. Zygophyllum, L. Melianthus, L. (?) 

Peganum, L. Larrea, Cav. 

Fagonia, Tmrmf. Guaiacum, Plum. 

AOnitlci. —This Order is very closely allied to Rutacese (but differs in 
habit, the scaly stamens, and dotless leaves) through Peganum, which is 
placed here chiefly on account of its stipulate, not dotted, opposite leaves. 
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With Simftrubacea! it agrees in the attachment of the stamens at the back 
of a scale, but differs in the short styles. Melianthus is an anomalous genus, 
which by some authors is taken as the type of a distinct Order supposed 
to have its nearest relations in Geraniaceae and Sapindaceas. They are 
closely related to Malpighiacea!, but differ in their glandless -calyces, 
scaly stamens, &c, « 

Distribution. —The species are not very numerous, and are 
in the warm temperate regions of the globe. Zygophyllum 
are especially characteristic of dry regions of Egypt, Arabia, and Scinde. 

Qualities and Uses, —The so-called gum-resin, Guaiacum, is derived from 
Gtiaiacum officinale, the bark and wood of which are also employed as 
diaphoretic and sudorific agents; G. sanctum has similar properties. The 
leaves of these and of Porliera are used in place of soap for scouring 
in the West Indies. The remarkably hard wood called Lignum Vitae is 
derived from Guaiacum officinale or some other species; all the arborescent 
plants of this Order have extremely hard wood. The flowers of Zygo¬ 
phyllum Fabago are used in the East for pickles, under the name of Bean- 
capers. The seeds of Peganum Harmala are used as spice in Turkey, and 
also in the pi-oductian of the celebrated Turkey-red dye for cotton. Larrea 
mexicana is known by the name of the Crcasote-plant. Zygophyllum 
simplex has a very f'ad odour. 


chiefly found 
and Tribulus 


OiiDER XLVI. RUTACEj®. The Rue Order. 

Class. Terebinthinae, JEkrll. All, Rutales, Lindl, Coh. Geraniales, 
Bnith. et Hook. 

40.1. Diagnosis .—Herbs or trees with simple or compound exstipulate 
leaves, dotted with transparent glands containing aromatic or acrid oil; 
flowers regular, 3-fi-merou.s; the stamens equal to or twice as many as the 
sepals ; the 1-5 pistils separate or combined into a compound ovary with 
as nmny colls, sessile or raised on a prolongation of the receptacle (gyno- 
pliore) or glandular di.sk ; .style simple, or divided below; fruit with the 
carpels either coherent or separating and bursting by one or both sutures; 
seeds in pairs or solitary ; albumen present or absent, radicle superior. 

iLLUSTRATmt GenEHA. 

Galipea, Aubl. Eriostemon, Smith. Barosma, Willd. 

Ticorea, Aubl. Correa, Smith. Dictamnus, L. 

Esenbeckia, H., B., K, Diosma, L. Ruta, Tournef. 

Boronia, Smith. 

Afflnities, &c.—^This large Order is sometimes divided into two, Rutaceoe 
and Diosmeae, the latter including the greater part of the genera ; but the 
distinctions seem insufficient—the Boroniem, which have the separable 
endocarp supposed to be characteristic of Diosmeee, having albuminous 
seeds like Butece. The Order is connected with Zy'gophyllaceffi by Pega¬ 
num ; it is related also to Xanthoitylace®, which are perhaps merely poly¬ 
gamous Rutaceao. There is also an affinity with Aurantiace® (which difter, 
however, in the fruit), and with Anacardiace®. Correa, with its mono- 
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petalous corolla, seems to approach Ericaceee, to -which the Boromem 
have much resemhlance in habit. From Simnrubacere and Torebinthaceas 
Rutals differ in their prlandulnr leaves and in the nature of the fruit. 

Distrlbntion. — Ruta and its allies are found chiefly in Europe and 
North .4sia: Ri'osma, Raro'ima, See, at the Cape of Good Hope; Rorimia, 
Eriostemon, &c. in -4ustrnlia; and Galipea, Esenheckia, and their related 
genera in Equinoctial America. 

Qualities and Uses. —Generally remarkable for a strong aromatic or foetid 
odour, and possessing antispasmodie and tonic properties. Ancrostura 
bark is derived from Galinen qfficinnlis. and apparently from G. Cunparia 
(Bon>>landia trifolia(a') ; MelamV) bark probably from some allied plant. 
The bark of F.tenbeckia fehrifuqa is used in place of Cinchona in Brazil; 
and that of Ticorea fehrifupa is another of the ‘‘ Quinas ” of Brazil. 'F'he 
Bucku plants of South Africa are species of Baroumn, Diosmn, and their 
allies; their foliage, which is e.xtremely glandular, has a very strong 
odour; and D. crenata, .fOTatifoUa, and others are used as antispasmodie 
and diuretic agents. The leaves and unripe fruits of Rue (Ruta t/mveo- 
lem) are antispasmodie, and are also said to be eramenatrogue and anthel¬ 
mintic: R. memfana is acrid: and its juice is described as vesieatinsr the 
skin, and even producing erysipelas and ulceration. The leaves of Cornu 
alba and other species are used bv the settlers in .4ustralia for Tea. Many of 
tjie Rutaceas are favourite greenhouse plants, such as Borntna, Ennutemon, 
&c. Dictamnus Fra.vinfllla, a South-Furopean plant, common in our gar¬ 
dens, is very glandular, and it is said tli:it the volatile oil renders the atmo¬ 
sphere about tha plant inflammable in very hot weather. This account 
requires confirmation. These glandular plants are of course very inflam¬ 
mable in themselves. 


Order XLVII. XANTHOXYLACEiE. The Prtckly-Ash 

Order. 

Class. Terebinthinai, E/idl. All. Rutalcs, Lindl. Coh. Geraniales, 
Bmth. et Hook. 

404. Diuflnom. —Trees or shrubs with alternate or opposite, simple or 
compound, dotted leaves, and flowers resembling those of Rutace® in 
almost every respect except that they are constantly polj'gamous, and 
sometimes have succulent fruity seeds albuminous. 

- lLI,D.STnATIVE GenEBA. 

XanthoXylon, Kunth. j Ptelea, L, 

AfBnittea. —The Xanthoxyiace® are united by some authors -with the 
Rutaceffl; their more remote relations are-with .Vurantiace® and Ana- 
cardiaceaj, which, however, not only differ in their fruits, but their seeds 
have no albumen. There is a considerable affinity to the Euphorbiace® 
and to Fraxinw among the Oleacero, Ptelea having even a samaroid fruit. 

DtotiibQtlon, —The species are not very numerous, and are generally 
distributed, but are most abundant in America. 

QnalltiM and Uses. —Pungent and aromatic. Xanthorylem, a genus re- 
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presented in North and South America, as well as in India, China, &c., 
eminently possesses these characters, its species being commonly called 
Peppers m their native countries. X. Clava m^fraxineum (North Ame¬ 
rica) are powerful diaphoretics and sudorifics; X.nitidian (China) has 
a similar reputation; A', hyemah (Brazil), X. piperttum (China),/&c. are 
analogous. The unripe capsules of X. Ehetsa are aromatic, resembling 
orange-peel. The fruit of Ptelea has a strong aromatic bitter taste, and 
has been used as a substitute for hops. 


Order XLVIII. SIMAEUBACEtE. The Quassia Order. 

Class, Terebinthinaj, Endl. All. Hutales, Lindl. Coh. Geraniales, 
Eenth. H Hook. 

405. Diaynosis. —Trees or .shrubs with alternate exstipulate leaves, with¬ 
out dots, usually compound; calyx and corolla 4-5-meroua; stamens 8-10, 
each oil the back of a scale; anthers bursting longitudinally; ovary stipi- 
tate, 4-5-lobed; fruit of 4-5 indehiscent drupes round a common recep¬ 
tacle, or capsular or samaroid, w’ith 1 peudiJous exalbuminous seed in 
each compartment. 

Illustrative Genera. , 

Quassia, A. Simaruba, .4uW. Picrasma, 

Simaba, Aahl. Ailanthus, Desf. Brucea, Miller. 

Affinities.—Belonging to the Butaceous group, these plants are most 
closely allied to the Zygophyllacero by the stamens and dotless leaves, to 
the Oclinaci'a) by the deeply lobnd ovary,—differing from the former in 
the structure of the fruit and the number of seeds in a cell, from the • 
latter by the absence of a large disk and the dehiscence of the stamens. 

Distribution. —A small Order, the members of which inhabit South 
America, .Vfrica, the Ka.st Indie.s, and the Malay archipelago. Cneorum 
occurs in tho Mediterranean district. 

Qualities and Uses. —The most striking property is great bitterness, 
whence they are used as tonics. Quassia or Bitter-wood, used as a tonic, 
as a tly-poison, and os a substitute for hops in'beer, is derived from this 
family. Quassia amnra (Surinam) is stated to be the true plant; but 
Pienmna, or Piersena e.icelsn yields the wood usually imported. The 
bark of the root of Shnuruba amara is uyd in the same manner. Brucea 
autklysenterica has similar qualit ies, and was formerly mistakenly supposed 
to be the source of false Angostura bark. Simaba Cedrou has a reputation 
for curing snake-bites; but recent experiments throw doubt on this. Ai- 
lanthns ylandulosa, the “ tree of heaven,” is commonly grown for ornament 
ill this country; its leaves afford nutrimeift to a species of silkworm. 

(Oohnaceie are scarcely separable from Simnrubace®; but the ovary is 
composed of carpels seated on a large fleshy disk instead of upon a stipe, the 
elongated anthers often open by pores, aiid the simple leaves are without 
stipules. The thick gynophore of this Order aflbrds a close connexion 
between Kutacere and Geraniacese. The properties are similar to those 
of Simarubacote.) 
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(CoKiABiEiE is the name applied to a small group of plants belonging 
to one genus, Corinria, of obscure affinities, placed in this neighbourhood 
by I.indlev, but dideriiig from most of the Rutales in their pendulous 
ovules with dorsal raphe. In some respects they approach PliytiilacccB. 
These plants have dangerous properties. Of C. myitifuUa the leaves, 
which are sometimes used to adulterate Senna, are said to produce teta¬ 
nus : the berries are pois mous. Tlu? fruits of other species are said to be 
edible, but the seeds poisonous, f. myrtifofia and rmcifulia are used in 
dyeing, infusion of the leaves giving a dark blue with sulphate of iron.) 


Order XLIX. PITTOSPOllACEiE. 

Class. Frangulace®, E)idl. All. Rerbt^ralcs, Lindl. Coh. Polygalinm, 

, lietvth. ct Hook, 

406. l)i'ayno.sis. —Trep,3 or shrubs, often climbing plants, with alternate 
exstipulate leaves ; flowers regular; calyx and corolla 4-5-merous, imbri¬ 
cated, deciduous; stamens 6, hypogynous, alternate w'ith the petals, 
opening longitudinally or by apical jiores; ovary free; cells or placentas 2 
or more; style single ; stigmas equal to the placentas; ovules horizontal 
or ascending; seeds numerous ; embryo minute, in fleshy albumen. 

Illustrative Genera. 

Pittospomm, Soland. Sollya, Lindl. 

Cheiranthera, Cunningh. Billardiera, Smith. 

AfSnltlM, fte. —A small Order, placed by DeOandolle between Polyga- 
lacern and Frankeniacea;, by A. Richard near Rntaceie, by Endlicbor in 
the neighbourhood of Rhamnaceaj. I.indley regards them as near Vitacem. 
From Tremandracose and Ol.acaceae they differ in their imbricato sepals 
and petals and their numerous ovules. In other points they resemble 
Celastrinefe, but they have no disk and no aril. Decaisiie points out an 
affinity with some Kricads, as Ledum. The plants are chiefly from Aus¬ 
tralia; the berries of Billardiera are eaten, having a pleasant acid flavour; 
but a resinous quality pervades the whole Order, Some of the species are 
cultivated on account of their flowers and coloured berries, as Sollya, Bil¬ 
lardiera, &c. * 


Order. L. VITACE^. Vines. 

Class. Discanthse, Endl. All. Berberales, Lindl, Coh. Celastrales, 

, Benth. et Hook. 

407. Diagnosis .—Shrubs with a watery juice, usually climbing by ten¬ 
drils, with small regular flowers, a minute truncated calyx with the limb 
mostly obsolete; stamens as many as the valvate petals, and opposite to 
them, springing from a disk surrounding the ovary. Fruit succulent; 
seeds bony; albumen hard. 
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Illusteative Geneba. 

Oissus, i. Pterisanthes, Blum. 

Vitis, L. Leea, L. 

Affinities. —The relations of this Order nre somewhat complex: a portion 
of the plants are related to Meliaceaj, Celastrineae, and Rhamnaceae; but 
the nearest connexion would appear to he to the epigynous Order Arali- 
aceoe, especially through the Ivy, Hedcra. The characters of the group, 
however, are very distinct, in the hypogVTious stamens opposite the 
petals, and the climbing haWt. The tendrils by which the stems climb 
are flower-branches, often exhibiting a few nodules representing abortive 
flowers; in some cultivated Vinos the seeds are constantly suppressed, while 
the fruit is perfected, as in the varieties yielding the Sultana raisins and 
the Zante grape or “ Currant.” Pterisanthes, a Javan plant, has a very 
extraordinary structure: its numerous barren and fertile flowers are deve¬ 
loped on a very large foliaceous peduncle having the form of a number of 
divergent plates set edgewise at the end of a long slender stalk; the fertile 
flowers and berries are se.ssile on both surfaces of the larainm, the edges 
being fringed with stalked barren flowers. The .separation of the petals 
at their bases, remaining coherent above so as to form little O-rayod stars, 
is worthy of notice in this Order. The species of Ampelopm, known us 
“ Virginia Crei'pers,” exhibit some interesting phenomena, viz. the assump¬ 
tion of a crimson colour by the foliage in autumn, and the adaptation 
of their tendrils to form organa of attachment to walls: the points of the 
tendrils insinuate themselves into little holes and cracks, especially in 
brickwork, and then expand inside the cavities so as to fix themselves as 
the stonemasons fix their “ lewis,” or key, into large blocks of stone. 

Distribution. — The genus Vitis, including Ampehtpsis and CVmi/s, con¬ 
tains a large number of specie."!, natives for the most part of tropical and 
subtropical regions. The remaining genera have only a very few repre¬ 
sentatives. The Vine is supposed to be a native of the shores of the Cas¬ 
pian ; but it has run wild in South Europe, and is cultivated all over the 
world where the temperature is not too low or too high; in the last case 
it runs away to leaf and does not produce fruit. The stems and roots of 
some of the Cissi of the East Indies are infested by the parasitical Raflle- 
siacem and Balonophoracea!. 

Qualities and Uses.— The properties of the Vine (Vitis vinifera), with 
its innumerable varieties, are universally known; the Fox-grapes (Vitis 
vulpina and Lnhrusca) of North Amerii^ have similar properties when 
cultivated, but are inferior. The berries of the QW nre acrid; some yield 
a colouring-matter. The sap of the stems and leaves generally of the Order 
is sour, containing tartaric acid. 
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Subclass 2. CALYCIPLOKJ5. 


Flowers usually with a calyx and corolla; the petals distinct, 
springing from the calyx; the stamens perigynous or epigynous. 

The character of tliis Subclass, founded on the insertion of the petals 
and stamens upon .the calyx, is very artificial, and it is liable to exception 
in certain genera of Order's referable here. On the other hand, it is met 
with exceptionally in Thalainifioral Orders; and many cases occur where 
the conditions are diiBcull to n.scertaiu. Moreover it causes the separation 
of very natural groups of Orders, such as the removal of Anacarditwe.T, 
which has both hypogyiiou.s and perigynous genera, from the Subclass 
which includes the Kutaceui, in accordance with the structure of the 
majority. Bentham and Hooker, apparently with a view to remove some 
of these anomalies, have proposed a subclass or series which they call 
Discitlone, the most important character of which consists in the presence 
of a large disk or expansion of the receptacle attaclied to the calyx or to 
the ovary, and from which the petals aud stamens spring; it thu.s includes 
some Thalamifloral and some Calycifloral Order.*. The separation of the 
Perigynous from the Epigynous (')rders is rendered impracticable by the 
occurrence of the two conditions in one Order, as in Itosaceas. 


Orber LI. CELASTRACE.!®. The Spindle-tree Order. 

Class. Frangulaceae, Endl. All. Rhamnales, Lindl. Coh. Celastrales, 
Benth. et Hook. 

408. Diagnosis. —Shruh.s with simple, mostly alternate leaves, and with 
small deciduous stipules; .small regular flowers, the 4-5 sepa’s and petals 
imbricated in {estivation; stamens as many as the petals and alternate 
with them, inserted on a disk filling up the bottom of the calyx; seeds 
mostly arillate, albuminous. 

iLLUSTnATIVE GeNEHA. 

Euonymus, Totimef. Catlia, Forsk. 

Celastrus, Kimth. Klfeodendron, Jacq. 

Affinities. —Related tg Rhamnace.'B, difl'ering in the imbricated calyx 
and the stamens alternating witli the petals. Aquifoliaceas, a mono- 
petalous Order, is very nearly allied; but the Cidii.-traceie appear to have 
closer relations with .some Thalamifloial Orders, such as Malpighiace® 
through Hippocrateacem. The fle.shy coat of the seed of Emnymus is 
described.by Planchon as an arillode or false arillus, arising from the 
margin of the micropyle. 

Distribution. —A large Order, the species of which are generally diffused, 
but more abundant outside the tropics. 

Qualities and Usea—More or less acrid, with oily seeds. Euonymus 
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citropcms, the common Spindle-tree of our hedges, is used for gunpowder- 
cliarcoal. The inner,bark of £, tmffens is used in dyeing; the seeds of 
E. europceus are said to be purgative and emetic. The bark of Celastrus 
scandcns has the same properties. Catlut edulis has stimulant properties, 
and the leaves are largely used by the Arabs under the name of Kat.. The 
drupaceous fruits of Ekeodendron Kubu are eaten at the Cape of Good 
Hope. 

(Staokhousiaceje are a small Order of Australian plants intermediate 
between Oelaatraceai and Euphorbiaoem; their corolla is monopetalous. 

IIipi'OCBateackjE, which have hypogynous petals and more or less 
epigynous stamens, are most nearly re]at(>d to Oelastraceoe (with which, 
indeed, they are combinedby Benthaiu and Hooker), connecting them with 
Malpighiaecm, Aceracom, and through Staphylea with Sapindacese &c. 
They are chiefly South-American trees or climbing shrubs, some with 
edible fruit. 

CiiAir.T.F.TiACRA! is another small Order, usually' placed in this neigh¬ 
bourhood, but with obscure affinities. Chailletiu toximria has a poisonous 
fruit, called llat’s-bane at Sierra Leone.) 


Order LII. RHAMNACEyE. The Buckthorn Order. 

Cfess. Frangulacea?, Endl. AH. Tlhanipalea, Lindl, Cuh. Oelastrales, 
lienth. et Hook. 

409. Diagnosis .—Shrubs or small trees with simple leaves; small and 
regular flowers (sometimes apetalous) ; the 4-5 perigynous stamens as 
many as the valvate sepals, and alternate? with them (opposite to the petals 
when these are present); disk fleshy; berry or pod with one seed in each 
cell, albuminous, without an aril. 

Illustrative Gknkr.v. 

Paliurus, Toumef. lihamnus, Juss. Ceanothus, L. 

Zizyphus, Tmirnef. Ilovenia, Thunb. | Phylica, L. 

AfBnltles.— The Khamnaceco are clearly distinguished from the Celas- 
trace® by the position of the stamens before the petals. The calycifloral 
condition of their stamens, the fleshy disk, and the separate petals indicate 
great dllforenco from the eorolliflornl Oraer Aquifoliace®, also formerly 
associated with them. Broiigniart thinks their nearest relations are to 
the hypogynous Byttneriace® and to Euphorbiace®. §ome of the*genera 
have free, others adherent ovaries. 

Distribution.—A rather largo Order, the Species of which are generally 
diffused. 

Qualities and Uses. —Some acrid and purgative, some with bitter tonic 
properties, others with edible fruits. Khammts includes R. ca/harhciis, 
the Buckthorn, from the berries of which a purgative syrup is made, also 
the colour termed Sap-green. The dyeing material called ftench berries 
con-sists of the unripe berries of R. infectorius, saxatilisf and amygdalinus. 
Zizyphus has edible &uit, called Jujubes (Z. vulgaris, Z Jiffuba, &c.). 
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The charcoal made from the wood of Jl. Frangula is used for gunpowder- 
making. Z. Lotus is supposed by some to be the Lotus of the ancients, 
although others think this was Nitraria (§ 303). The peduncles of I/o~ 
centa dulcis enlarge into a succulent fruit, eaten in China; other genera 
also furnish edible berries. The leaves of Ceanothus americanus are con¬ 
sumed as New-Jersey Tea, and those of Sageretia theezans are used for 
Tea by the pooiier Chinese. 


Order LIII. ANACARDIACE^ or TEREBINTHACE.E. 
* The Sumach Order. 

• Class. Terebinthinai, Fndl. All. Rutales, Lindl. Coh. Sapindales, 
Benth. et Hook. 

410. Diagnosis. —Trees or shrubs with a resinous or milky acrid juice; 
dotless alternate leaves, and small, often polygamous, regular flowers; 
calyx small, usually with 5, sometimes 3-4 or 7 lobes, persistent; petals 
equal in number to the lobes pf the caly.x, or wanting; stamens the same 
number or double or more, inserted on an annular fl(>shv disk, or coherent 
and perigynous. Ovary single, or I’arely of o or 0 carpels, superior (rarely 
inferior), T-celled; style 1, or 3 or 4, sometimes none; stigmas twice as 
many; ovules solitary, on a long funiculus. Fruit indehisceut, commonly 
drupaceous; seed without albuiri^eu. 

Illustrativt. Genera, 

Pistacia, L. Melanorrhea, WaU. Semecarpus, L. 

Schinu.s, L. Stagmaria, Jack. Spondias, L. 

Rhus, L. Maiigifer.a, L. 

AfflnUie*.— The prominent differential characters of this Order reside in 
the solitary ovule, with ventral raphe and inferior micropyle, or dorsal 
raphe if the micropyle be superior. This Order is related to' theXaiitho- 
xyiaceas in many respects, but diflers in the structure of the ovary and seed. 
From the Bur.seracc® also it is divided by the same characters, although 
Spondias connects them ns regards the fruit; while the same peculiarities 
relate it on the other hand to certain Counaracese, Rosaceaa, and Legu- 
minosse. 

Distribution —A large Order, the species of which are chiefly tropical, 
diminishing rapidly beyond the tropics. 

Qualities and Dsts. —The resinous juice of these plants is acrid, or 
violently irritating and poisonous; it often becomes black in drying. Some 
kinds, however, yield edible, and even valuable fruits. Anacardium occi- 
deniale, the Cashew-nut, is remarkable for the curious fleshy enlargement 
of the peduncle supporting the nut f this peduncle is edible, as is f3.so the 
seed when roasted: but the pericarp contains acrid volatile oil. A gum- 
resinous juice exudes from the wood, called Gomrae d’Acajou, which is 
used when fresh as a varnish. Semecatjiits Anacardium, the Marking-nut, 
Melanorrhea usitatissima, Stagmaria vemuijlm, Rhus remix, &c. are 
among the plants fumishingwamishes used in the East Indies, China, and 
Japan for Lacquered ware; their,juices are white at first, and become 
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black after exposure to tbe air. Mastic is obtained from Pistacia atiatUica 
and P. Lentuicus, Scio«turpentine from P. Terebinthua; the fniit of Pistaeia 
vera is the Pistachio-nut, highly valued in Eastern cookery. Mangifera • 
indica, with numerous vaiieties, yields the well-known tropical drupe 
called the Mango. The Sumachs, species of Phua, are a(^rid and poisonous, 
aftecting some constitutions more than others, and sometimes producing 
violent erysipelas when applied to the skin. JK. Toxicodendron is the 
Poison-Oak of North America; li. venenata, the Poison-Elder or Poison- 
Sumach. R. typhina, ylahra, and Coriaria have acid fruit and astringent 
bark, used in tanning; R. Cuiinus, which is sometimes grown in our 
shrubberies under the name of the Wig-plant, from the hair-like nature 
of the sterile flower-stalli,s, yields the aye-w'ood called Young Fustic; 
R. Metopimn, the Hog-gum of .Jamaica, a powerful purgative and emetic. 
Spondiaa purpurea and 5. Momhin yield succulent fruits eaten in Brazil 
and the W. Indies under the name of Hog-plums; 8. Cytherea or dulcis 
aliords a delicious fruit in the Society Islands. 

(Sabtaceje are a small Order of East-Indian plants, removed by recent 
authors from AnaciU’diacea), where they were formerly placed as anomalous 
forms.) 

(CoNNABACKJE form att Order of tropical trees and shrubs, usually 
pliwed near .Vnacardiaceoe, but destitute, of resinousjuice, and with ortho- 
tropons ovules; the fruits are apocarpous luid follicular. They are also 
allied to the Xauthoxylaceie. 'Ine seeds sometimes have an aril; those 
i)f some s])ecies of Omphalohinm. are edible. The Zebra-wood, used in 
cabinet-making, is stated by Schomburgk to bo the produce of a Guiana 
species of this genus, O. Lamberti, of great size.) 


Okdeb LIV. BURSERACEJS. Tbe Balsam Order. 

Class. Terobinthinffi, Endl. All. Rutales, Ltndl. Coh. Geraniales, 
Benth. et ILooh. 

411. Diagnosis .—Trees or shrubs .abounding in balsam or resin, wdth 
alternate or opposite compound h'aves, sometimes stipulate and dotted; 
flowers perfect, or sometimes diclinous by abortion; calyx persistent, 
with 2-0 divisions; petals and stamens perigynous, outside a perigynous 
disk; ovary 1-5-celled, superior, sessile in or upon the disk; ovules in 
pairs; micropyle superior; raphe ventral; fruit dry', 1-5-celled, often 
splitting into valves; seeds exalbuminoiis; cotylcdons.plicato, rarely flat. 

iLLUSTUATIt^ GMNEIIA. 

Boswellia, Roxh. Icica, AiM. Conarium, L. 

Balsamodendron, Kuntk. Bursera, Jacq. Amyris, L. 

Affinities. —The Amj'ridacesB, excepting the genus Amyi-is itself, have 
a many-celled fruit, which forms s link between Anacardiacem and Auran- 
tiaceae; but the shell of the fruit is hard here, and opens by valves. 
Amyris has dotted leaves. The ovules-in pairs separate them from Ana- 
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cardiaceee. The want of scales to the stamens separates them from Sima- 
Tuhese. From Eutals they differ in their ezalhuminous embryo. From 
• Aurantiads they differ in the fruit. 

Distribution. —The Order iMnsists of about 160 species, distributed 
throughout the tropics of Asia, A.frica, and America. 

Qualities and XTsos. —Fragrant resinous juices are the chief character¬ 
istics of this Order. Boswellia Jlorihunaa and glabra yield the East- 
ludian Olibanum or Frankincense; B. ^apyrifi-ra (Abyssinia) yields a 
similar Olibanum, and has a remarkable inner bark, capable of separation 
into sheets, which are used as paper. BalMimodendron Myrrna yields 
Gian Myrrh ; Balm of Mecca is produced by Bah. Opohalsamum and Bah. 
qileademe. Bah. Mukul yields Googal, or I’idellium; B.pnhescem another 
balsam, almost soluble in water. Amwh hexandra and A. Plvmieri yield 
Elemi; the wood of A. hahamifera is known ns Lignum Khodium; the 
balsam of A. to-vifera is poisonous. Ictca IcicaHha yields Brazilian Elemi, 
I. Carana American Balm of Gilead; and other spu.des afford similar pro¬ 
ducts. Blaphriiim tommtomm supplies one of the kinds of Tacamahaca, 
B. elemifermn Mexican Elemi; and Canarium commune furnishes East- 
Indian or Manilla Elemi. Bursera pankulata (^Mauritius) is called Bois 
de Colophane, giving out freely wheo wounded an oily juice smelling like 
turpentine; B. gummifera jdelds Cliibou josin, B. acuminata Resin of 
Carana; Hedwigia bahamifera, Beauiuj ii cochon, used as a substitute for 
Copaiba. The wood of Idea alfisdma is used for canot in British Guiana, 
unaer the name of Cedar-wood. 

/Okder LV. LEGUMINOS^. The Fulse Order. 

' Class. Leguminosaj, Bndl. All. Rosales, Ziitdl. Colt. Rosales, 

Benth. et Hook. 

412. Diagnosis. —Herbs, shrubs, or trees, with irregular, often 
papilionaceous or regular flowers; stameus 10 or .arely 5, or some¬ 
times indefinite, diadelphous, monadelphous, or distinct; pistil sim¬ 
ple, free, becoming a legume or lomcntum; seeds cxalbuminous; 
leaves mostly alternate, stipulate, usually compound. 

Character. 

Calyx more or less deeply 5-fid, the odd lobe in front or next the 
bract; lobes often unequSl and variously combined. 

Corolla : petals 5, or 4-0'by suppression, insei|ed in the boftbm of 
the calyx, papilionaceous 181) or regular^; the odd petal, when 
present, posterior (fig. 366). 

Stamens definite or indefinite, inserted on the calyx, rarely hypogy- 
nous, distinct or coherent in one or two bundles (9-|-l, 357), 

or rarely in three; anthers opening by chinks or by pqres. 

Ovary usually solitary, simple, of one carpel (very rarely 2 or 5), 
1-celled, 1-, 2-, or many-seedbd; ^style and stigma simple (fig. 358). 
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Fruit ; a legume, lomentum, or rarely a drupe; tseeda attached to 
the upper (ventral) suture, 1 or many, sometimes with an arijlus; 
embryo without, rarely with albumen, straight, or with the radicle 
folded on the cotyledons. ’ 


Fig. .‘5o7. 



.Fig. Gruuni1-j>1nn of a Vapilionacpons flowor. 

Fig Diiwh^lphoiifl KtjiujpnB of Logununofae. 

Fig. Pistil |t' Colutca^ 


I ‘ler i.« divided into tlircc Suborders, which arc distin- 

•iiisiicd by e tbuowmg characters :— 

1 . I’.vpn. 'ACE. '..ivolln papilionaceous, imbricated in the bud, 

with odd petal e.xtcrior. 

2 . C.esa’'’;. vrr,.r.. Corolla imltricated in aestivation, the odd petal 

inside the lateral ones. 

3. MistosEAS. Corolla valvato in aestivation. 

This vast Order is further suljdivided into several tribes, the 
subdivisions being founded on the degree of cohesion of the stamens, 
the nature e/' the pod and eolyledons, the leaves, habit, &c. 

iLLusmATivE Giwera. 

1. Papelionace^,. 

Chorozema, Lahill, Indigofera, L. Ornithopus, L. 

Lupinus, Z. Glycyrrbiza, Z. Onobrychis, Tournef. 

LTex, Z. Astragalus, Z. • Pha.seolua, Z. 

Genista, Z. Pisum, Z. Dalbeigia, Z. 

Tjotus, Z. Viejio, Z. , Sophora, Z. 

Trifolium, Z. Arachis, Z. 

2. C.®8ALriNIEAa. 

Ilnematoxylon, Z. Swartzlft, WUld. Tamarindus, Z, 

Csesalpinia, Z. Amhetstia, WaU. , Copaifera, Z. 

Cassia, Z. Jonesia,* Roxh. Ceratonia, Z. 

Cathartocarpus, Pers. Sohotiaj , ‘ 
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* S. MlMOSBiE. 

. Entada, L. I Prosopis, L. I Acacia, WiUd. 

Adenanthera, L. | Mimosa, L. , | Inga, WiUd, 

Affinities, Ac.—This immense Order presents very considerable variety 
of structure within its wide limits; and but one character is absolutely 
constant, the position of the sepals; the irregularity of the corolla dis¬ 
appears altogether in the Mimosem, and the legume is exchanged for a 
drupe in Detarium and Diptehjx-, this causes a near approach to the 
Bosacete ; but it may bfe noticed that when the flower is regular the fruit 
is leguminous, aud vice versa ; and .the anterior position of the odd sepal of 
the calyx is an unexceptional character of this Order. The Cresalpiniece 
have the papilionaceous exchanged for a spreading irregular form, or the 
petals are suppressed. In Mhnasece the stamens are hypogynous. The 
last fact brings the Order closidy into relation with the Anacardiace,T3, 
&om which it is not easy to distinguish some of the apetalous Cci-salpiniece 
at first sight.. 

The single carpel in the ovary of this Order is almost a univeisial cha¬ 
racter j two carpels, however, appear to be normally present in Diphnca 
and Ctesalpmia diyyna-, a double ovary sometimes occurs as a monstrosity 
in Wistaria sinensis, in Gleditschiu, and in me .French bean {Pkaseoltis) •, 
and a Mimosa with o carpels (thus a symmetrical flower) is said to have 
been seen bv St.-Hilairo. The simple legume presents a great variety of 
conditions, both of form, consistence, and dehiscence. Its normal form is 
such as. we see in the,gardou Pea (fig. 359); in Coliitea (the Bladder-Senna) 
it is inflated and membranous; in Astrar/alm the dorsal suture turns in 
and forms a false septum (fig. 30:i); in Pltnca it is spongy or fleshy ; in 
many cases it is woody; it may be straight, or curved, or even spirally 
' curled (Medicago, tig. 361) ; in the lomentaceous form it is constricted at 

Fig. 359. Fig. 360. 
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it is cylindrical; in Detarium and Dipteryx the 1-seeded ovary developes 
a hony endocarp and fleshy epicarp, and hecomes a drupe, like 353 

the Almond. The dehiscence is equally varied : nonnallj' *' 
both sutures open and the valves separate; in Ilasmatoxylon 
tlie valves adhere at the sutures and split in the middle. In 
Carmichaelia the valves separate from the .suture; in Orni- 
thopm &c. the lomentum creaks up, and the pieces either 
open or remain indehiscent ; in Entada the lomentaceoiis pod 
is opened by the valves .separating in pieces. In t'athuHocarpvs, 

Aravhin, Tnmarindus, and other cases no dehiscence occurs at 
all; and in Cathnrtocarpus and Taynarindus a pulp is formed 
in.side the legume. 

The irritability of the leaves of many Leguminous plants 
is a striking characteristic: it is most remarkable in the 
Hedyaurete, as in Smithiu, Eesmodium, &c., and in Mimosa ; 
but it exists in a lower di>gre(i very commonly, even in the 
Locu.st-tree (liohinia Pseudo-acacia). The Acacias are no- 
ticeable for the phyllodial petioles, which often wholly re- flowers* of 
place the leaves (fig. 3tW). Acada. 

Distriijution_The Order comprises nearly 7000 species. The Papilio- 

naeece are universally di.stribut*d, but are ino.st abundant in warm climates; 
some genera are widely difllised, others almost confined to particular parts 
of the globe, as Australia, North or South America, Capo of Good Hope, 
&S. The CeemlpiniecB and Mimosece are chiefly tropical; but the latter 
abound beyond this limit in Australia. 

Qualities and tTses.—This Order contains a vast number of ^anta; and 
among them there is an exceeding diversity of properties. Those with 
mild juices are frequently exceedingly nutritious; when the juices are 
more concentrated, they become either purgative or astringent, and sonfe 
of them poisonous; the poisonous properties occur in all parts, but chiefly 
in tho seeds and bark. In other respects, they funiish most valuable 
timber, fibres, gums, dv'es, &c. In enumerating .some of the most im¬ 
portant plants, it will ho best to take them under the heads of the Sub¬ 
orders. 

1. Papilimaceo’. —A large proportion of the common fodder-plants, such 
as Clover {Trifolium), Luceru .and Medic (Mcdicago), MeKlotus, Sain¬ 
foin (Onohrychis), &c., belong to this Suborder; and various other similar 
plants are in use in foreign countries, such as species of Adrayaius, Cro- 
talaria junced, Demnodiuyn diffusum, Indiyofera enneaphylla, &c. The 
seeds of many species are eaten, constituting the various kinds of pulse ; 
such as B road jBea ns {Faha), Haricots du d Sca rlet Beans (Phaseolus), 
Pej^^^fpisum, bolichos), Lentils (Ervmn, V^ui), Chick-peas {Cicer), 
Pige on-pea s (Cg/anus), Lupines, &c. The roots of some" of these are 
said to he poisonou^ as those of Phaseolu%\ but, as is well known, the 
pericarps or pods are eaten boiled in the young state. Saccharine matter 
exists in the roots of Li quorice (Glvcurrhiza glabra, with C{. echinala and 
glandulifera) ; a kind of Manna is obtained from the Camel-thom {Alhagi 
Matirnritm); Astragahts ghjeyphyUm has a sweet juice. The tuberous 
roots of Eolichos tuherosus and hulbosus, Apios, Pueraria, and Lalhyrus 
tuberosus are eaten in the same way as po^toes. 

Among the purgative species are Bl adto -Senna (Colutea arborescent, 
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the leaflets of which are often used to adulterate true Senna, and Coronilla 
Emerus and C. vai-ia : the last is reputed to be poisonous; various speeies 
of Genista, Ci/tisus, Robinla, &c. are diuretic and cathartic. 

The well-known astrinffent substance Kino is obtained in Africa from 
Pterocar/n 4 S erimcem, in the East Indies from Z*. Marsupium, Gum Urajron 
from r. Ih-aeo, and I^d_ Sjandal-^vopd from P. smitalimis. • A somewhat 
similar substance to Kino is obtaineS in the Eaat Indies from the Dahk 
trees (Butea frondosa and superha). Erythrina numospermn yields Gum 
Lac. A few plants of this Suborder yield jrums, such as Tragacanth, from 
Astragalus verm, creiieus, cristatus, gmwufer, and strobiliferus. 

liyes are obtained from many, as Indigo from Indigofcra tinetoria, 
earulea, aryentea, and probably others, and from Tephrosia Apollinea and 
other species; Baptisia tinetoria gives an inferior kind. The flowers of the 
EutecB give a brilliant orange-yellow colour; Sophora Jnponica furnishes 
yellow from the pulp of its pods; Dyer’s broom (Genista tinetoria) gives 
a good yellow colour, and forms a gi’eeii with Isatis. 

Ornamental and useful timber is afforded by some, as Rose-wood (Palis- 
sandre of the*French) from various Brazilian species of Triptolomea,itdka.- 
wood of Guiana {Maehmrium Sehoinbiirgki), Laburnum-wood (Ci/tisus 
Laburnum), l^ocust (Pobinia Pseudo-acacia); Dalberyia Sissoo and other 
«)ecies, and Pterocarpus dalbcrginides, are highly valued in the East Indies. 
Others furnish fibrous substances, such as Crotalariajuncea, yielding Bengal 
Herap:^ 

~~Eiipteryx odorata (Tonka-bean) and D. oleifera (Eboe-nut) are used lu 
nerfumeiy. The hairs from the pods of Cowllage (Mucuna pruriens) were 
formerly used os atr anthelmintic. The seeds of Adragalus bocticus are 
used 08 a substitute for and adulteration of coffee in Germany. 

The distinctly poisonous plants of this Suborder are numerous. The 
roots of the Scarlet-runner bean (Phaseoltis multijlorus) and other species 
are narcotic poisons; also the seeds of Laburnum {Cytisus Laburnum, 
al 0 t^, &c.), those of Lnthynts Aphaca, and, it is said (but denied by 
othi^s), those of Abrus preeatorius (the scarlet seeds with a black patch, 
often used as beads), Anayyris foetida, Ervum Ervilia, &c. Indigo is a 
violent poison; the shoots of various kinds of Tephrosia, especially T. to.ri- 
fera, are used to poison fish, as is the bark of Piscidia En/tbrina, a powerful 
narcotic. Species of Geofroipi, as G. xermifuga and spinidosa, and Andira 
inermis and retvsa, having drastic purgative and emetic barks, are acrid- 
narcotic poisons in large doses. Gomphohbiiim, an Australian genus, is 
said to poison sheep. Physostigma venenpsum furnishes the poisonous 
Calabar bean used as an ordeal by the natives, and in medicine for its 
use in contracting the pupil of the eye. It acts as a powerful nervous 
sedative. 

2. Casedpiniece .—This Suborder does not appear to have any decidedly 
poisonous properties; but a phrgative C[uality is very cordon, in Senna, 
Cassia o bovata. Senna, acutifolia, and lanceohta ; C. ^mrwndica and other 
North-Americanspecies have similar properties. Cassia or Cathartocarpus 
Fistula has a prfl^tive fruit; and the pulp of the Tamarind ( Tamarindds 
indiea) shares this qualitjf. Besides the Tamarind, other fruits, less acid, 
are eaten, as the Tatnannd Plum (Dialium indicum) and the 'Tamarinds 
of Sierra Leone, which are species of Codartym. Carobs or Algarobas, the 
legumes, of Ceratonia Siliqm (al$o called St. John’s, or the Locust-tree), are 
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used for feeding horses in Spain, and have recently been imported for 
feeding stock in this dountry, Gleditschia triacanfkos bears a similar fruit, 
called in North America the Honey-locust; the fruit of the West-Indian 
Locust, Hymmaa Courhnril, is somewhat similar, but is said to purge 
when fresh gathered ; a kind of beer is made from it by decoction and fer¬ 
mentation.—Many Ccesaljmiiea have bitter and astringent properties, and 
are sometimes used in medicine, several of them in tanning and dye¬ 
ing, as Divi divi, the pods of Cmalpinia Coriari't, one of the most powerful 
of known astringents; the bark of some species of Bavhinia and Ccmtia 
are used in similar ways.—The dye-woods are important, namely Log¬ 
wood (Ucpmato.rylon campechianum), Brazil-wood or Pernambuco-wood 
(T'ces^pmia echinata, brasilieum, and other species). Cam-wood or Bar- 
wood {Baphia riftidd), &c. The West-Indian Locust-tree {Hymenaa 
Cotirbartl), the Purple-heart of Guiana ( Copaiferapuhiflora and bracteatd), 
Melanoxylon Brauena, Eperna falcata, &c. yield very hard and durable 
timber. The size of some of the Caesalpineous trees of the South-.'kme- 
rican forests is .said to be enormous, as much as 84 feet in circumference 
at the base, w'here large projecting buttresses occur, and CO feet at the 
commencement of the clear run of the trunk. 

The bark of Bauhlnia racemom and parvijlora is used for cordage in the 
En.st Indies. Gum is yielded by several, as Baukinia retma and emar- 
yhmta in the East Indies, and IHthecolohium gvmmifervm in Brazil. Anime 
r^sin is obtained fiom Ilymenaa Cnwbaril; Mexican Copal probably from 
an allied plant; Brazilian Copal from various species of this genu’s, and 
from Trm^ylohiinn Marfianmit ; Madagascar Copal, and perhaps that of 
the East Indies in general, from Hynuwfa verrucosa. Batsain.of Copaiba 
is derived from various West-Indian and Brazilian species of Copmftra', 
Balsam of P(!ru from Mjiroxjibyi Pereira; Balsam of Tolu from M. to/ui- 
femm. Aloeryhim Ayalloehtin jnclds one kind of Eagle- or Aloes-wood, 
the other coming fi\im an AquHaria. 

ii. Mimosea. —Mucilaginoms juices concreting into gum and astrijj^nt 
properties of the bark are the most striking qualities of this Suborder. 
Gum A cacia and its varieties are yielded by several species of Acacia :— 
A. Pcrciv and Adrmsonii (Gum Senegal) in West Africa, A. viioiica and 
Seyai (Gum Arabicl in Nubia, A. arabica, spinosa, and (Vachellia) Far- 
nesinna in the East Indies, A. decurrem, mollissma and ajfinis in Australia. 
The bark of most species oi' Acacia is very' astringent, and many kinds are 
used for tanning in India; the pods of A, niiotica are used for the same 
purpose; and the a-stringent substance tailed Catechu is obtained by 
extraction with water from the heart-wood of Acacia Catechu. Various 
species of luya, Prosupis, See. are very astringent. Some East-Indian 
Acaeias yield valuable timber ; the legumes of A, coneinna and the large 
seeds of Ftitada Ptrsaiha contain a saponifying s)ibs1ance. Some kinds 
of Mimosa and Prosopis are said to have poisonous propert ies. Acacia 
varians, of Australia, has been called the Poison-tree. It is hardly neces¬ 
sary to add that a great number of plants from all thwe Suborders ai'e 
cultivated for the sake of their beautiiul flowers. 

(Mobingacf,.* form a very anomalous group of 3 or 4 species only, 
marked by the following characters:—Trees with 2-3-pinuate leaves and 
thin deciduous stipules; flowers irreguliiJ, S-merous; sepals and petals 
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petaloid; stamens 8-10 on a disk in the tube of the calyx, the outer 
circle sometimes sterile; anthers 1-celled; ovary superior, stalked, 1-celled 
' with 3 parietal many-ovuled placentas; fruit a lonp 3-valved pod with 
the seeds in the middle of the valves; seeds witliout albumen. The 
species are natives of Arabia and the East Indies, and have generally been 
referred to the vicinity of the Leguiuinosie, principally on account of their 
perigynous irregular flowers, pinnate leave.s, and pod-like fruits. The 
structure of the ovary removes them widely from T.eguminos*, on account 
of the parietal placentation, since, judging from Kosacem, the occurrence 
of additional carpels in Leguminosse would he accompanied by an apo¬ 
carpous condition, or at least axilc placentas. Diphaca and Casalptnta 
digyna (Leguminosie) are in fact described as having 2 legumes ; but the 
monstrous forms of Gleditschia referred to by l)e Candolle are said to have 
'2 coalescent carpels. Hence Lindley place.s this Order in the neighbour¬ 
hood of Violacem, and conceives that it approaches Polygahacem. Others 
place it between Capparids and Kesedacepc, to the former of which Orders 
it is certainly closely allied. The root of Mttringa pteryi/ospenna is pungent 
and aromatic, resembling Horse-radish. A gum like Tragacauth exudes 
from the bark. The seeds are the Ben-nuts; and the oil of Bon was formerly 
highly esteemed for perfumery, and for lubricating watehwork, on account 
of its comparative freedom from easily-solidifying fatty ingredients.) 


Ordbe LVI. ROSACEiB. The Rose Order. 

Ckus. Rosifloraj, Endl, All, Rosales, Lindl. Coh. Rosales, Benth. et 

Book. 

413. Diagnosis. —Herbs, shrubs, or trees with regular flowers; nu¬ 
merous (rarely few) distinct stamens inserted on the ca] 3 ^x ; carpels 
1 or many, either quite distinct or coherent, and enclosed in the tube 
of the receptacle; seeds (anatropous) 1 or few in each ovary, exal- 
buminouB; embryo straight, with jRrge and thick cotyledons; leaves 
alternate, stipulate. ' 

Character. 

Calyx monosepalous, with 4—5 lobes, the odd lobe posterior, i. e. next 
the axis, when 5; sometimes with an epicahjx. 

Corolla : petals 5, distinct, inserted on the calyx, rarely absent. 
Stamens definite or indefinite, inserted with the petals. 

Ovaries apocarpohs, 1-2; or 5 or numerous, 1-cellcd, sometimes com¬ 
bined together in the e::cavatcd receptacle (fig. 364) or tube of 
the calyx; ovules 1 or few; styles lateral (fig. 367) or terminal. 
Fruit : a drupe, an achenc, or a dry or succulent etffirio(figs. 365,366), 
or a cynarrHbdon or a pome (fig. 368); seeds 1 or more, exalbu- 
minous; embryo straight. 

This Order is commonly broken up into several smaller Orders, 
which we shall characterize here as Suborders. 
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1. Chrtsobaianej.. Trees or shrubs with free stipules; carpel 
1, adherent more or«less to one side of the calyx; ovules 2; style 
basilar ; fruit a drupe ; seed erect. 

2. Drupace.® or Prcneas. Trees or shrubs with free stipules ; 
carpel 1, free; style terminal; fruit a drupe, not enclosed in the 
tube of the flower, which is deciduous; seeds suspended. 

3. PoMEiE. Trees or shrubs with free stipules ; carpels 1-5, more 
or less united together and with the sides of the flower-tube; styles 
terminal; fruit a pome, 1-5-celled or spuriously 10-celled, with a 
crustaceous core or bony stones (fig. 305) ; seeds ascending. 

4. ItosEiE. Shrubs or herbs with adnatc stipules; carpels free 
from the calyx, 1 or many, 1-celled, sometimes cohering; styles 
lateral; fruit usually ctacrios formed of an assemblage of dryachenes, 
small drupes, or dehiscent several-seeded follicles; seed suspended, 
rarely ascending. 

5. Sanguisorbe^e. Herbs or undershrubs, apetalous, often dicli¬ 
nous; •carpel 1; style from the summit or base; fruit an acliene, 
surrounded by the persistent tube of the calyx; seed 1, suspended 
or ascending. 


Fig. 3(35. 



Fig. ?ft4. Section of the flower of Sma. 

Fig. Dry otajrio of Oeuni. 

Fig.' 36*). Section of oncculent etaerio of Fwiw. 

Fig. 367. Ovary of Fra^faria with lateral style. 

Fig. 368. Section of tho pome of Metpilus, 

InnUSTBATIVK Gknkba. 

I. CHBYSOBALANEiE. II. AMYGDALEiE, Or DbUPACB.®. 

Chrysobalanus, L. Prunus, L. 
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3. SPlRjKlDJB. Flotoer-tuheherba¬ 
ceous ; fruit a ring of follicles; seeds 
not winged. 

Spiraea, L. 

4. QUiLLAliB. Flower-tube herba¬ 
ceous ; fruit capsular ; seed winged. 

Quillaia, Mol. . 

6. NRURADBiE. Calyx adhering 
to a ri7ig of \0 carpels; seed pen¬ 
dulous. 

Neurada, L. 

V. Sanguisoube.?!. 

Alcliemilla, Toumef. 

Poterium, L. 

' Affinities.—Closely allied to Legumiiiosje; and, indeed, the only constant 
point of difference consists in the position of the odd sepal—posterior in 
Rosacese, anterior in Leguininosae. The Chrysohalaneee may bo regarded 
as forming a link between the Leguminosm and the Drupacere, towelling 
that Order especially in its drupaceous genera and those with a laterally 
adherent calyx. The Drupacew have some affiiiity also to Auacardiacem ; 
Pomew again connect the Order with the epigyiious fainilie.H, e.specially 
Myrtacpte, through Punica. Rosece resemble Pome<e in many respects, but 
their affinities go out in other directions; Cal^veanthacoai .should, perhaps, 
scarcely bo separated from them. The Spirceidre very much resemble some 
Saxifragaceaj (distinguishable by their albuminous seed.s) ; and the Poten- 
remind us of the Ranunciilacoie in the fruit and the adnato stipules, 
which sometimes closely approach the dilated base of the pcdiole of Ra¬ 
nunculus See. ; but Raniinculacei® have albumen and u.«ually hypogynous 
stamens, though „the difference in some genera between hypogynous and 
■ perigynous position of the stamens is almost imperceptible. Sunguusorbere 
are merely a degraded form of Rosece, where tlie petals and one or other 
set of essential organs are abortive in each flower. 

Distribution.—There are about a thousand species. The Chrysnhalanece 
are chiefly found in tropical America and Africa, more rarely in Asia; the 
Prupaceis are mostly natives of the temperate parts of the Northeni 
Hemisphere, but are widely spread in cultivation; the Pomece also belong 
to the Northern Hemi.sphere; most of the Rosece and Saiiyuisorbeee belong 
to temperate and cold climates, but a few are tropical. 

Qualities and Uses. —The succulent fruits of many of the plants forni the 
most atrikiSg feature of this Order. Various parts of the structure, but 
especially tke seeds, yield much hydrocyanic acid in the Suborders Ih-u- 
paceeB and Pomece.' The bark and root of almost all are bitter and astrin¬ 
gent, owing to the presence of tannin. Drupaceee commonly contain a gum 
^resembling Gum Arabic) in the sap. This gum is the result of a patholo¬ 
gical change in the tissues. 

Most of the Ghrysobalanece have stone-fruits; that of C. Icaco (West 
Indies) is eaten under the name of Cocoa-plum. 

Among the Drupaceee wo have the fruits:—Almond {Amyqdalus eom- 
munis); the Peach and^ectarine (A.persica) ; the Plum in all its varieties, 
such SB Greengages, Bullaces, Damsons, &c. (litmus domestka, spinosa, 


III. POMK.®. 

Pyrus, Lindl. 

Crataegus, L. 

IV. Rose®:. 

1. nosiDJa. Flotcer-tube fleshy, 
enclosing the achenes. 

Rosa, Toumef. 

2. POTKNTILLIDJE. Flowor-tube 
herbaceous; fruit an etierio. 

Rubus, L. 

Fragaria, L. 

Potentilla, L. 
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and varieties); the Apricot (Pninus armentaca) ; the Cherry ( Cera»u» avium, 
&c.). Cerastis Lawo^cerams is the common “ Laurel,” or Cherry-laurel oi 
our shrubberies, C. lusitauica the Portugal Laurel. Many of these plants • 
contain a considerable quantity of amygdaline, causing the formation of 
prussic acid when they are bruised, this gives to the seeds of the Bitter 
variety of Almond, and to all other seeds in this Suborder, a poisonous 
property, which exists also to a great extent in the leaves and shoots of , 
the Cherry-laurel, the flowers of the Almond, Peach, &c. The seeds also 
contain a fixed oil, which may be obtained by c.'ipression; and that of the 
Sweet variety of the Almond is devoid of amygdaline, and thus harmless. 
Pomece have succulent fruits, such as the Apple, Pear (JPyrus Malm and 
communis), Quince ( Cydonia vulgaris), Medlar (Mespilus qermanica), &c., 
which have beqn brought into the edible condition by cultivation; when 
w'ild, they are mostly austere, like those of the Hawthorn ( Cratcegm), of 
the Mountain Ash {Pyrus Auciiparia), &c. The seeds contain amygdaline, 
and therefore yield prussic acid; as do also the flowers, bark, and root of the „ 
Mountain Ash. Quince-seeds are valuable for the mucilage they contain. 

The Posecg yield edible fruits, such as the Kaspberry and Blackberry 
(Rubus ideeus and fndicosue) and the Strawberry {Fraguria elatior, vesca, 
«c.). The petals of lioses yield the essential oil called Otto or Attar of 
Roses. Kousso {Brayera aitihdmintiva) is u.sod as a vermifuge. Moat of 
the Rosece have astriugent hark and roots; some are unwholesome. San- 
guisorbcm have astringent properties similar to Rosere. QtiiUnue contain 
in their bark a saponaceous principle, which renders them useful for clean¬ 
ing silk fabrics. 

(Calycanthace.® form a small Order, consisting of shrubs with oppo¬ 
site entire leaves, without stipules; sepals and petals similar and indefinite; 
anthers adnate and extrorso; cotyledons convolute; otherwise like Rosace®. 
The species are natives of North America and Japan, and are chiefly re¬ 
markable for the peculiarity of their florid envelopes, the coloured bracts 
of the peduncle passing insensibly or undistiiigui.shably into the calyx, and 
this into the corolla; the segments of both are inserted on a fleshy tube 
supporting the stamens and suiTounding the coi-pels; convoluted cotyle¬ 
dons are only found in one Rosaceous plant, Chamtemelcs {PuniKe), but are 
characteristic of Combretacen'. Calycanths stand between the Rosace® 
and the Myrtaccro, and have,perhaps, a distant resemblance to Magnoliace®, 
like that of Rosace® to Raiiuuculacere. Baillou places them with Moni- 
miads. Their wood is curious, the stem having four false woody axes 
around the real axis, giving the stem a quadrangular character. The chief 
property is fragrance of the blossom. CJiimbmnt/ms produces yellow 
flowers upon the leafless branches during th§ winter. Caiycantkmjloridm 
has an aromatic bark.) 

Order LVII. MYRTACE.^. The Myrtle Order. 

Class. Myrtiflor®, Endl. All. Myrtales, Lindl. Coh. Myrtales, Bentk 

et Hook. 

414. Diagnosis .—^Troes or shi^bs with leaves opposite or alternate, 
entire, usually dotted, and with a suhmarginal vein; flowers usually 
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axillary-j pqlypotalous or apetalous; calyx adherent, 4-5-cleft, val- 
vate or imbricate, sometimes falling off like a cap ; petals 4-5, im¬ 
bricated ; stamens 8-10 or numerous, rarely 4-5, distinct or poly¬ 
adelphous ; ovary 1-*, 2-, 4-, 5-, or 6-celled; style and stigma simple ; 
placentas axile ; seeds' usually indefinite, exalbuminous; fruit dry 
or succulent, dehiscent or indehiscent. 


Illitstrativi? Genera. 


Tribe 1. LEPTOSPEBMEie.* Fruit 
capsular. 

Melaleuca, L. 

Eucalyptus, Ilf.rit. 
Metrosideros, R. Br. 
Boeckia, L. 


Tribe 2. Mybtese. Frtcit bac¬ 
cate. 

Piinica, L. 

Psidium, L. 

Myrtus, Toimief. 

Eugenia, Michel. 


Affinities. —This Order is nearly related to the Rosaceae on the one 
hand, and to the Melastomaceoe, Lythriicese, aud Onagracece on the otlier. 
The Lecythidacere, the Chamielauciacwe, and some other smaller Orders 
mentioned below are often combined with the Myrtacem; but as the 
plants belonging to them are less interesting, or less frequently seen, it is 
convenient here to exclude them, in order to retain a very definite character 
for the Myrtacom proper. This Order is generally knowii among epigy- 
nous forms by the vein running round within the margin of the simple, 
entire, and mostly opposite leaves, uniting with the midrib at the end, 
together with the ti'ansparent glandular dots and the absence of stipules 
and of appendages to tlie anthers. The fruit of Puuica is very curious, 
and presents unusual conditions—a double circle of carpels, which by the 
mode of growth of the excavated receptacle come to be placed one above 
another, so as to present two tiers of loculi in the fruit. The real nature of 
the structure may be conceived by comparing it with the Hose, and by 
supposing the achenes of tlie latter to become enlarged loculi containing 
pulp. Bentham and Hooker put this genus into Lythracem; but its aflinities 
seem rather with Myrtles, of which it forms an anomalous genus. 

Distribatlon.— A large Order, the members of which are distributed 
throughout tropical and subtropical climates. 

Qualities and Uses. —Generally aromatic from the presence of a volatile 
oil, some astringent, and others yielding gums or .saccharine juices. The 
Mi/rte<»a.Te remarkable for their aromatic properties: thus Can/opht/Hus 
aroniaticus fumi-shes the Cloves used for spice, consisting of the dried 
unopened flower-huds; Euf/ct}ia Pimmta and E. aerk Allspice or Pimento, 
consisting of the dried fruits: the bud§ and berries of the common Myrtle 
wCrq used in a similar raanitpr by the ancients. This tribe also affords 
excellent fruits: the Guavac. are yielded by species of Psidium, chiefly 
pomiffrum and pyrifMiw, the Rose-apples by Eugenia rnalaccensis, Jumbos, 
wpica, &c.; the PomegAnate, Punka Uranatum, the rind of which is also 
vuuable for its astringent properties, which cause it to bo used both 
medicinally and for tanning. Among the Leptospermece, the Cajeput, 
Melaleuca Cajepuli^ is well known for its acrid volatile oil, obtained by 
distillafion from the leaves. Metrosideros is a genus some of the species 
of which form very striking features in. the vegetation of New Zealand, 
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M. bimfolia and other species, called Aki, Bata, &c., overgrowing trees, 
like the Ficus Mirf(e«„and themselves ultiftiately becoming exceedingly 
hard-wooded trees. The Eucalypti of Australia are still more remarkable 
in many r(!spects; some of them attain a height of 200 feet or more, and 
a diameter of 10 to lo, rising to 100 or 150 feet clear of- branches. The 
hark of some of them separates in fibrous layers, whence they have derived 
the common name of ytringy-barks. They are also called Gum-trees, 
from containing a gummy or .saccharine sap, occasionally of astringent 
character. E. rohusta secretes a red gum in ilie interior of the trunk; 
from E. manuifem a saccharine substance like manna is obtained. 'E. Gunmi 
yhdds, when tapped, a sw'net fluid, which is fermented into a kind of beer. 
E. resinifera furnishes an ast.ring(!iit substance known as Botany-Bay 
Kino. Other species also contain a .sullicient quantity of tannin to be of 
commercial importance. The leaves of some .species otLepfospermum and 
Jlclalcitca are nsed for Tea in the Australian colonies. 

iMany of the Myrtacem are cultivatixl on account of their beauty. The 
common Myrtle, a native of I’ersia, naturalized in Southf'rn Europe, bears 
our w'inters, and flowers out of doors in the .south-west of England. It 
aflbrd.s many beautiful varieties in cultivation. The species of Metrosideros, 
C’idlistciiwu, &.C., sometimes called Bottle-brush plants, have very curious 
and showy blo.s.'^om.s. The. Pomegi'anato flowers and fruits in sholfered 
places, ani bears a ^'ery brilliant blossom. 

(LKCYTumArE.!': are chiefly distinguished from the hlyrtnceio (with 
vdiich (hey are united by Bcntham i by fho dotless foliage and tlie hood- 
li!i(> pelaloid plat(', consisting of emierete sfameiis, covering the middle 
of the flower. The species are usually largo trees; their fruit is very re¬ 
markable., eon.sisting of a large woody ease, the to]) of whi(di sometimes 
sepai'ides like a lid {Ijccyfhis), wdience th^- have been called Monkey- 
pots. .They arc cliietiy found in (iuiana hnil Brazil. Tho Brazil-nuts of 
commerce are the seeds of E<rthuUciia excelsa, and are fornu'd in,side a 
large round woody seed-ve.ssel. Cuuruiqu'/ii i/uiaucusis, the Cannon-ball 
tree, jield.s a fruit containing a pid]) agreeable when fre.sh : tli,e shells, 
lil((' the “ pots ” of Iccyt/iis, are u.sial for domestic pui'poses. The 
hark of Lecythis Ollitria and other spiecies is separable, into li)ie papery 
hiycrs, used for -wrapping cigai's, /,. OUaria is one of the giants of the 
Brazilian forests ^ its seed.s are called Sapucaya-nuts.) 

■(B..\iuiiNOTONiACE.a! are a small Order of tropical trees and shrubs, 
placed by most authors among or near the Myrtacem: their foliage agrees 
rather-with that of Lecythidacine, although without stipules; but their 
flowers are destitute of the hood. The strjicfurd of their seeds Ims been 
mi.suiiderstood: they are destitute of albumen, and consist ehieHy' of a large 
axis w’itli minute cotyledons. 'J'he.j' appea|!Sto have dangerous qualities. 
Humboldt and Bonpland relate that wdien^he fruit of Oustavia spcciosa 
is eaten by children tlieir skin becomes yellow, but the discoloration dis¬ 
appears in a day or txvo without any treatment. 'Barrinytonia and Giis~ 
facia are met with in cultivation as large and sho-wy stove-shrubs.) 

(CnAMJtsr.AUcrACE^n are a gi-oup of Australian shrubs, of-heath-like 
a.speet, distinguislied from Myrtaeooj proper chiefly by the fringe of scales 
or bristles which frequently surround*the tube of the calyx (whence the 
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iiftnieofI'ringe-injjrrtles),andbythe 1-celled (raiely2-8eeded) ovair- They 
have no known utility. Geneva: Desf.; Z)«rwi»ia, Kudge; 

Cnlyirix, Labill. Some of the species are Teiy ornamental as greenhouse 
plants, as the Dqtrwiniui (Hedaroma) &c.) 

(Belvisiace2E consist of a few species of handsome shrubs, belonging 
to the genera Ntigolemut, Palis., and Aaleranthos, Desf., formerly supposed 
to be related to Cucurbitace® and Passiilorace®, but apparently only 
forms of Myrfacea! remarkable for the several concentric gamopetalous 
ciroles of the- corolla for corona), the polyadelphous stamens, and flat 
stigma. Napolemfa imperialis forma a largo fruit, witK an edible pulp and 
a nnd containing much tannin. The structure of the flower is curious 
and interesting. They a"^ natives of-tropical Africa and Brazil.) 


bRDER LVlII. KHIZOPHORACEiB. Mangroves. 

CUm. CalycTflor®, Endl.^ All. Myrfales, Lindl. Cph. Myrtales, lienih. 

ei Hook, 

• ' 415. Diag^sis .—Trees or shrubs growing on muddy sea-shores (fig. 309), 
. ■^th Opposite leaves and deciduous convolute iiiterpetiolar stipules; 


Fig. 300. 



flowers with an adherent calyx, 4-J^-lobed, the lobes sometimes coherent, 
..vijvate;* petals equal to the cal}'^-lobos in number, springing from the 
calyx; ^stamens perigynous, twice-or thriel as many as the petftls ; ovary 
2-, 3-,nT4jCelled,eachcell-witli 2ormore pendulous ovules; fruit 1-seeded 
crowned bjStlie,calyx; seeds exalbuniinojis, germinating and forming a 
very tlmg root, before the fruit falls from the tree. 








CALTCIJfLORJB. 


267 


IlLUSTBATIVJ i GeNEKA. 

Rhizophora, Lam. | J3ruguiera, Lam, 

Affinities, &o.—This small but inteivating Order consists of about 30 
species, of very distinct habit, but somewhat complicated in thejr, affini¬ 
ties, agreeing with the Myrtaceie, Mel'astoinaceie, Vjoehysiacese, and Com- 
brutaceco in many respects, while there- is a relation with Lythrace®, 
Cunoniace®, &c. in others j lindlicher, as well as lieittham ajid Hooker,_ 
place hero Casfipourca and Leynalis, which c'onueet this Order with the 
last two; Lindley refers the Cassipourece or Leynctidk fio the Logaziial 
jVllianco. ' ' ■ 

The strikiug feature of this Order is the germination'of the seeds within 
the fruit while still attached, the roots usaally descondinj£ to the mud 
and establishing themselves before the phiniule -emerges.' The ttees'alsg. 
continually send out arching adventitious roots^ which, strike and become 
now trunks, like tho.se of the Fitnin indica, forming the Mangrove-swamps 
of tropicid estuaries. The fruit of lUiizophora Mamjle ,is edible.’ The 
bark is generally very astringent in this family. The wood of the radicles 
contains curiously briuiched wood- or liber-cells. 

Okder LIX. VOCIIYSIACE^. 

Clans. Calyciflor®, Endd. AIL. Sauiudales, Lindl, Coh, Polygalihse, 
Emth. Ttllouk. . 

410. Diaynosis. —Trees or shrubs, -withlresinoiis juica and mostly oppo¬ 
site entire leaves, with glands or stipules at the base; flowers perfect, 
irregular; calyx and corolla imbricirtiid, of*unequal pieces; sUimens 1-0, 
usually opposite the petals, arising frOui the botltpii of ,the calj'X) mostly * 
only one fertile, with an ovate 4-celled author; oviu-y- free, or partly ad- 
lierent, 0-celled, with a.vile placentas;, or 1-celled with 3 basilar ovules; 
seeds usiuilly winged, w-ithout albunieu. 

IlI.L'.STIIATIVE OENEa.A. . ' 

Qualea, Aubl. | A'uchysia, Juss. | f?alvertia, St.-IIiU 

'V. V 

Affinities, fco.— A small ( )rder, the members of which are natives of the 
equinoctial regions of America, and are known chiefly as timber-trees, 
often with large show*y blossoms. Their affinities are obscure. Some 
authors regard them as related to the Clusiaee®, others to the Violace® 
and the I’olygalaceiu, near which latter tliey are placed by Rentham and 
Hooker. On account of then* calyeiflorous structure they are usually 
pltmed near Combfetace®. 


Order LX. CQMBRilTACILE. 

Class. Calycillor®, Endl. ..^l. Myrtajes, Lindl. Coh, Myrtales, Eenth. 

et Hook. 

417. Diagnosis .—Tregs or shrubs,'with alteruato or opposite, exsjipplata 
leaves, not dotted; flowers perfect or diclinous by abortion; calyi adhe- 

M 2 
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rent, -with a J-Wobed deciduous limb; petals 6, cah’ciflovous, or absent; 
^stamens perigynous, o, 10, or ]<>, mostly 10; o^■arv 1-belled, with 2-4 pen¬ 
dulous ovules; style and stigma simple; seeds exalbuminous; cotyledons 
convolute. 

Tllustuative Genera. 


Tribe 1. Terminai.ik.e. Umal/y | 
apetaloiis: cotyledons convolute. 
Bueida, L. 

Terniinalia, L: 

Pentaptera, Ro.rh. 

Tribe 2. Comijretp..e. Corolki 
present; cotyledons plmted. 


Gombretum, Li^. 
Qni.squnli.s, Rumph. 

Tribe 0. Gyhooahpr.e. Apeta- 
i Ions; cotyledons convolute; anthers 
i burstiny by recurved vtdves. 

I (iyrocarpus, Jaey, 

j Illig(!ra, Rl. 


Affinities.— Belated to INI\Ttace,'B, especially through but distin¬ 

guished clearly by the unilocular ovary and 1-seeded IVuit. The structure 
of the flower allies the Order toOuagraccm and Bhizophoracea^; the ape- 
talons forms appro.ximate in some degree to the Santalaeeto and Lau- 
rnceic. 

Distribution. —An Order comprising upwards of 200 .specie.s, generally 
di.stribuled throughout the tropic.s. 

Qualities and Uses. —The general property is astringeucy. The barks 
of Bueida Buceras and Conoearpus raeeinosa and of variou.s Ternu'ntdtec an? 
u.'ied for tanning. The fruit of Terininalia belericu, the Myi'obahin, i,s 
astringent and tonic. A kind of gum i.s obtained from the bark of 7’. bele- 
rica imd Combretum'rdternifoUum. T. Benzoin has a milky juice, which 
harden.-! into a fragrant gum-resin, used as iuc<>nsc in the Mauritiu.s. The 
seeds of T. Catappa are eaten like iilmonds. .Many of the plants are valu¬ 
able timber-trees; and a liumber are cultivated on account of their showy 
flowers. 


( Alangi aceao are a small Order of exotic plants, timber-tro('s, or shrub.s 
allied to Gombretaco.-D, but having albuniinou.s .seed.s with large leafy 
cotyledons, and there Are differences in the corolla and stamens. Lindley 
considers the plants relatiid in some di-gree to ilyrtacoiC, ^Melastonuiceiu, 
and Onagi'aceae, but, with Tindlicher, thinks that, after ('ombretac(?fe, their 
nearest relatives are probably (hfl-nacefe ami Ilamamelaceit;; Bentham and 
Hooker group them with Cornacea;. 'I'hi! su(?culent fruits are edibh;, but 
the plants on the whole are of little importance. Genera: Alangium, L.; 
Marlea, Boxb.: Nyssa, Gronov., &c.) 


Order ’LXJ. MELASTOMACE^. 

Class. Myrtiflorm, Endl. All. Jlyrtales; Lindl. Coh. Myrtales, Benth. 

et Hook, 

Itiagnosis. —Myrtle-like plants, with oppo,site ciirved-pibbed leaves, 
showy flowers, definite stamens with remarkable appendaged anthers, 
bursting by pores at the apex. Seeds very numerous, minute, ex- 
albiuninqiia. 



CALYCIFLOK^. 


269 


iLLUSTnATIVK GeNEBA. 

Oontradenia, Don. Khoxin, Nutt. Miconia, DC. 

Afelasloma, L. Mediiiilla, Oaudich. Meniccylon, L. 

0.sbeekia, L. >Sononla, Itoxh. Mourirla, Ji{ss. 

. Affinities. —A lar^o proportion of these plants are distiiif^uishahle at first 
si^ht by tile several lar^e curved riba niimiu"' from the base to the apex 
ot the loaves; but this character does not hold in Memct^ylm or in 
Mounriu. In Memecylecc, also, the usually fiat cotyledons are convoluted, 
as in Uombretacem and exceptional Myrtacese; Jilouriria has the ribs of 
Uie leaves inconspicuous. The most slrilcinp' cliaracter of the flower lies 
in the stamens with their oddlv beaked anthers. But the Order differs 
Irom the .Myrtaceie also in the contorted instivation of the corolla. 
On the oth(>r hand, they are allied to tlio iMyeratra^ntU'ce among the 
J.^thraceae, from which, however, the imbricate or twi.sted .‘estivation 
ot tile calyx and the characters above noted sufficiently di.stinguish 
them. 

Distribution.—A large Order, the species of which are generally diffused 
within the tropics~a few also in A'orth America, China, Australia, and 
N. India. 

Qualities and Uses.— 'I’lio members of this large Order seem to be all 
harmless; and tlm prevailing character i,s slight aslringency. .Many yield 
edible succulent fruits: tlnMuinio of .l/c/d.s*n»« is derived'from the "fruit 
staining the mouth black. The most striking poeuliarilies about the Order 
are, perhaps, the beauty of the flowers, and tin; curious ribbed njipear- 
once of the foliage. A large number of sjtecies are cultivated in this 
country, some as ornamental-foliage plants, others for the sake of their 
flowers. 


Okder I.XII. ONj'vGHACE.I^. The Evening-Primrose 

Order. 

elms. Oalyciflorm, Fm<U. All. ^lyrtales, Limll. Coh. Myrtales, Benth. 

et 

419. Diagnosis .—I lerbs or shrubs, with 4-merons (.sometiuios 2—‘1-me- 
rous) flowers; the tube of the caly.x (of the receptacle) adhering to the 
2-4-celled ovary, cllyx-teeth vnlvut(^ in the bud, or ob.solote; the epigynous 
petals convolute; stamens as many, or twice as many, as the petal.'*, aud 
inserted with them; ovary 2-4-celled; stylos united i stigma capitate or 
4-lobed; fruit capsulai' or succulent, with 2—1 cells; seeds numerous, 
without albumen. •' 

I1.LUSTRATIVE Gbner.v. 

Qiinothera, L. Epilobium, L. Lopezia, Cav. 

Godotia, ^ach. Skiiinera, First. Oirciea, Tournef. 

Clarkia, Pursh. Fuch.sia, Plum. Trapa, Z. 

AffinltlM.—Onagrads are allied to Ilalorageai, but differ in their often 
coloured calyx, absence of albumen, and simple style, from Trapa in their 
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convolufe imbricate corolla, from Combrctacero by their phirilocular 
ovary. The parts of the flower in this Order are sometimes 2-merous— 
Vtrcera, while in Lopezia onlv one stamen exists. Sometimes the petals 
are absent; and occasionally tiie flowers are unisexual. Trapa is a genus of 
water-plants sometimes placed with Halorngaceae, from which, however, 
its single stvle and exalbuniinous embryo separate it. The floating leaves 
are ilat, wedge-shaped, and entire, while the submerged ones are cut up 
into numerous very fine segments. Tl^ germination of T7-apa resembles 
that of some endogenous plants. 

Distribution.— The Order consists of a considerable number of species, 
natives chiefly of the, temperate parts of Europe, North America, and 
India. 

Qualities and tTses. —Harmless, sometimes slightly astringent. The 
berries of some Fuchsias are edible. They are best known by the nume¬ 
rous garden plants belonging to the Order, mo.st of which are very showy. 
Epilohitm has many native .species, which are mo.stly weed.s. E. anpwsti- 
folivm, however, and E. hirsiihm are tall and handsome plants. Some 
of the (Knotherce. are called'Evening-Primroses, from the yellow flowers 
opening in the evening. Trapa produces a large homed fruit with amygda¬ 
loid seeds with unequal cotyledons. T. tiaians is th(> Water-chestnut of 
the French. The seeds of 7’. hiitjniiona, the Singhara-nut (Kashmir), and 
T. bicornis (China) furnish important articles of food. 


Okder LXIII. HALOEAQACEiE. 

Class. Calyciflorse, Endl. All. Myrtales, IJndl. Coh. Rosales, Eenth. 

et Hook. 

420. Eiapnosis .—Aquatic plants,with small axillari’ 2-4-mermia flowers, 
often imperfect; calyx adherent, its teeth obsohde ; petals often wanting; 
stamens 1-8; fruit indehiscent, i-4-celled, with a solitary suspended seed 
in each cell; albumen fleshy. 

Ili.u.sthative Genkra. 

Hippuris, L. I Myriophyllum, Tuill. | Ilaloragis, Forst. 

AfBnltles, &e.— The Haloragacem are distinguished from Onagracem by 
the reduced calyx and the solitary pendulon.s and albuminous seeds; the 
corolla is absent from Htpjncris and Proserpinaca. The former genus has 
a very simple flowet, consisting merely of an adherent calyx with a very 
short limb, an ovaiy of one cjijpel, and a single stamen. The whorled 
foliage of Hippuris and the Myrtophylla is very ciirioius, giving the first 
somewhat the appearance of an Equisettmi, while the latter are almost like 
some of the branched freshwater Algm. Most of the Order are aquatic; 
but Halorayis and Loudcmui are h'rrostrial and more or less shrubby. 
They are universally difl'used, but generally of little importance. 
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Order LXIV. LYTHRACE^, 

Class. Calyciflorse, JEndl, All. Saxifragales, Lindl. Coh. Myrtales, 
Benth. et Hook. 

421. Diagnosis. —Herbs, Bhrubs,jpr trees, with mostly opposite entire 
leaves; no stipules; the calyx enmosing, but tree from, the 1-4-celled,' 
many-seeded ovary and membranous pod, and bearing the 4-7 deciduous 
corrugated petals and 4-14 stiimens in its throat, calyx-lobes valvate, 
the stamens low'or down; style 1 ; stigma capitate, or rarely 2-lobed; 
capsule enclosed in the calyx, dehiscent ; seeds numerous, exalbumi- 
nous. 

Illusthativ'e Gknkba. 

Peplis, L. I Lythriim, L. Lawsonia, L. 

Ammannia, Hotisf. | Cuphea, Jacg. Lagerstroemia, L. 

Affinities, —In habit, ns also in the striated calyx, these plants have some 
slight resemblance to J.iabia1n3; but their nearest relations are, on one side, 
with several Oalycilloral Orders (from which, as Onagracese and Melasto- 
maceffi, they diU'er most strikingly in the superior position of the ovary), 
and on the otlier with Saxifragaceas. From Rhizophoreae they differ in 
their want of stipules mid in their numerous ovules. From Myrtles, 
besides the above characters, they may be distinguished by their valvate 
calyx. 

Distribution. —A considerable Order, the members of which are generally 
diffused, the tribe Lagerstrn iniew tropical. Lgthrmn Salicaria, a common 
British plant, is remarkable for being found as the only representative of • 
the Order in Australia. Its flowers are, accoi-ding to Darwin, trimorphie, 
the stamens and styles being of three different lengths; two of these forms 
coexist in the same flower, and have different sexual functions. 

Qualities and Uses. —Hlany of the plants have astringent properties; 
seveml are valuable as dyes. Lairsonut inennis is the celebrated Ilennah 
or HennS of the East, used by women to dye their finger-nails, hands, or 
feet of a brown-orange colour; it is also used for dyeing Morocco-leather. 
The flowers of Grislm tomentosa are also used for dyeing in India. Am- 
ntannia vesimtoria is acrid, and has bli.stering properties. Phgsocahgnma 
Jloribunda, a Brazilian tree, has a beautiful rose-coloured wood. Cuphea 
contains many favourite cultivated sp('cie.s. Bentlmm and Hooker place 
Pnnica (the Pomegranate) in this Order; but it would seem to belong more 
nearly to the Myrtles. 


Order LXV. SAXIFRAGACEgE. Saxifrages, 

Class. Corniculatse„J?ntf/. All. Sa.xlfragalcs and All. Grossales, Lindl. 
Coh. Rosales, Benth. et Hook. 

422, Diagnosis. —Herbs, shrubs, or trees, with the pistils mostly 
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fewer than the petals or divisions of the calyx (usually 2, coherent 
,below, and separate or sepai-aling above); the petals j,-;,,. ;^70, 
sometimes wanting), with the (mosll)' 4-10) sta¬ 
mens, inserted on tlic calyx, which is either free 
or more or less adherent to the 1-4-celled ovary 
(tig. .:37U). 

Character. 

Cali/.v 5-parted, mon! rarely 3-, 4-, or 10-parted, 
more or less adherent, to the ovary. 

Corulla: petals imbricate, perigynons, equal in 
■ number to the segments of the calyx, and al¬ 
ternate with them, rarely absent. 

Stamens inserted with the petals, equal in mini- Siui/mi/n. 

her to them and alternate, twice as many, or indefinite. 

Orari/ mo.stly of 2 carpels, more rarely of 3 or 4 or 5, more or li'ss 
united into a 2- or more-eelh'd ovary, usually half or wholly 
inferior ; jilacentas axile ; stpk.i as many as the cells of the ovary ; 
more or le,ss coherent. 

Fruit usually capsular, deliisceut: seeds moi ily mir.icrou.s, small, 
with tleshy albumen. 

This extensive group of plants is divi.siblo into four Suborders, 
wliich are by some .authors regarded a.s distinct Orders :— 

1. SAXtKBAGK.K. Herbs; stipules ab.sent or adnate : jietals imbri¬ 
cated, or rarely convolute in the bud; calyx free, or partly adherent, 
ovary 1-3-cclled. 

2. Escallonte.h. ' Shrubs with alternate .simple glandular leaves 
and no stipules: calyx imbricated in the bud. 

3. PHiiAnELrHE-E. Shrubs with ojijio.sito simple leaves tind no 
stipules; calyx valvntc ; stamens epigynous. 

4. CrNONiK®. Trees or shrubs with opjiosite or whorled, simple 
or compound leaves, and large interpctiolar stijiulos; pcttds never 
valvate. ^ 

Il.LUSTIiATIVK OeXEIIA. 



Suborder 1. SAXiFnAOEm. 
^axifraga, L. 

Suborder 2. EsoALi.ONiEAi 
E.scallonia, Mvtis. 


.Suborder .5. Pmi.ADKl.pnE.*. 
Pliiladelphiis, L. 

Deiitzia, Thimb. 

Hydrangea, L. 

Suborder 4. (1 UNOJaEAE. 
Cunonia, I,. 


Affinities. —The relations of this Order are somewhat complicated, in 
consequence of the variety of condition,s cxi.sting among the genera. The 
herbaceous Saxifrapea; are related to the Cra.s8ulacesB in several respects, 
but differ in habit and in the absence of hypogj-nous glands—and also to 
'the Rosacese, through Spira’a, Astilbe, &c.; from those, De.atzia leads to the 
shrubby forms, where Philadelphus manifestly approaches the Myrtace.'e, 
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while the inflorescence of Hydrangm is like that of some Caprifoliaceise. 
'I'lie Cunoniea are scarcely distinguished, except bj' habit, from the Ha.vi- 
frai/ece ; the EacaUnniea, passing oif from the rhilndelphece, are related to 
Kibesiacoie, and more distantly to those Erieaceie with an inferior o\ ary. 
Bruniacore diti'er in their dicoccous fruit ; Saxifragacore are clostfly allied 
to Lythracoro, but in the latter the enibrj’o is cxalbuminous. Parnasiia 
is referred here by Hooker, but seems more closely to njserable Ih'peri- 
caceio. The Australian Pitcher-pfcint ( Cephul I'nt fullicuhtris), the leaves 
of which are tubular, with a lid closing the tube, belongs to a gcmus closely 
allied to Saxifrages, especially to the apetalous ones. From Bosace® it 
dili'ers in the pres(!neo of all)umen in the seed. 

Distribution,— A largo group; the Siuifrayccc are northern and alpine 
plants; the Esca/lnmete are chiefly mountain plants of South America; 
the Vhiladelphm belong to South Europe and the temperate regions of 
Asia and Apuirica; the (hmoniece occur in the East Indies, the Capo, Aus¬ 
tralia, aijd South America. 

Qualities and Uses. —Xo important properties are, attributed to this 
Orih'i'; a certain degree of a.strmgeiicy lU'evalLs in and Cuno- 

nifrc. Their chiei' merit consi.sts in tlui beiiuty of the many cultivated 
spocic.s of alpine herbs, and of the hardy and half-hardy flowering shrubs. 
The Saxifrages, Dciitzia, Jleiicherd, and Etculhinii, Jli/draitf/t-a, and others 
are familiar to every one. Phlladelphim uoroHariuit, the “ Syringa ” or Mock- 
Orange of our shrubberies, n nati\'e of th(‘ south of Europe, is remarkable 
both for the beautiful flowers (the sweet perfume of which depends on the 
pro.sence of an e.ssential oil) and the peculiar flavour of the foliage, re¬ 
sembling that of the cucumber. 

(The genus //e«,s/yt'»n,Wall., once con.sidered to be allied to Saxifragacem, 
turns out to be identical with Cri/pturuuia, Blume, which is included* 
in Lythraceie by Bcntham and Hooker. The gcniw consists of three or 
four trees of tropical India, related apparently to rhiladelphea, by Ily- 
draiH/m, and more closely with Itrexiaccn?, but that they have opposite 
leaves. In habit they resemble Cuprifuliuni.) 

(Fuanooack^: is an Order compo.^ed of (I'hiliau herbs with the habit of 
Saxifrages, and llower.s 4-merou.s throughout calyx, corOlla, stamen,s (in 
.several circles), and cari)els. Some authors consider them nearest to 
Saxifragacem, others to tlra.s.sulnceie, others to Bo.sacem ; Lindley bfdieves 
their nearest alliiiity is to HroseracciC. Genera : Eniitcou, Cav.: TeliUa, 
HO.) 

Order LXVI. CllASSULACE.Til The Stone-croe Ojder. 

Class. Corniculatffi, Endl. AH. Violales, Lindl. Coh. Rosales, Be)ith. 

i‘t Hook. 

423. Dla^msis .—Succulent herbs or low shrubs xvith perfectly 
symmetrical flowers, the petals and pistils equalling the sepals in 
number (3-20), and the stamens as many ortxvico as many; albumen* *• 
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Character. 

Cah/.v free, mostly 5-parted, rarely 3-10-parted, imbricated in the 
bud, persistent. 

Corolla : petals as many as the lobes of the calyx and alternate wth 
them, distinct or united below, emerging from the bottom of the 
calyx, imbricated in (estivation. 

Stamens as many as the petals and alternate with them, or twice as 
many (in 2 circles), free or adherent to the (coherent) petals. 

Ovaries: carpels in a circle, as many as the petals ,and opposite to them, 
often with a glandular scale at the base outside, distinct or more 
or less coherent; placentas at the ventral suture; sfi/les distinct; 
stk/mas on the inside. * 

: a circle of dry follicles, or a capsule bursting at,the dorsal 
sutures or by the separation of the walls as valves from the septa; 
seeds varjung in number, very small; embryo in the axis of fleshy 
albumen. 


■Suborder 1. CnAssmE.E. 
follicular. 

Till.'ca, Mich. 

Crassula, Ilaw. 
Bnophvllum, Salisb. 
Cotyledon, DC. 
Sedum. X. 


■Sempen-ivum, X. 

■Suborder 2. DtAMOnrirEJE. Car¬ 
pels coherent into a phirilocular 
capsule. 

Diamorphn, Kittt, 

Pentliorum, X. 


Il.I.USTIlATrVE OnXEBA. 

Fruits j 


Affinities.—This verv peculiar Order appears to be nearlv related to the 
Snxifragnceoc, especially bv the genera with capsular fruit; and on the 
other hand to Paronyclnaceae and hence to CaryopliyIhicc,a3. They 
are most remarkable for their succulent foliage, possessed of a power of 
subsisting almost entirely on atmospheric elements, and resisting most 
obstinately the intliicnce of beat and drought. 'J'hc}' are exceedingly 
tenacious of life; and BryopKyUum iii particular is celebrated for the apti¬ 
tude of its leaves to produce adventitious buds (§ 100) when separated and 

S laced in favourable circumstances. The symmetrical construction of the 
owers is likewise very interi'sting to the botanist, and has been dwelt on 
iif the Mor]iholngicBl Part of this work (§147). The Ilouseleek, Scnipcr- 
vivum fectorum, occa-sionally produces monstrous stamens, with ovules in 
place of pollen. 

IMaWbutloii.—There are a considerable number of species, generally 
found in the extratropical reg’ons, in very dry situations, and especially 
abundant at the Cape of Good Hope. 

Qualities and Uses. —Their properties are mostly unimportant. Sedum 
acre, the common yellow Biting .Stone-crop of our walls, is so called from 
its acridity, and is 8.aid to be emetic and purgative. Some are eaten; 
others used as refrigerants. Cotyledon Umbilicus has boon used in 
epilepsy. 
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Order LXVII. PARONYCIIIACEyE or ILLECE- 
BllACEJi. 


Class. Caryophyllin®, Endl. All. Silenales, Lindl. Coh. Chenopodiales. 


424. Diaf/nosis .—Herbs or sbrubs with mostly opposite leaves and often 
scarious stipules, minute flowers, with 6- or more, rarely 3- or 4-merous 
calyx; petals small or absent; stamens on the calyx, 1-10; ovary 1-, 
rarely 3-celled; ovules numerous on a free central placenta, or solitary 
on a long funiculus from the base of the pvaiy. Seeds albuminous; 
c.mbryo curved. 

Illtjsthativf, Geneha. 


Stfcord. 1. PARONYCHIEiE. With 
smrious stipules; stamens opposite the 
sepals, 

Corrigioln, L. 

Paronychia, .Tuss. 

Illecobrum, Gterfn.f. 
I’olycnrpon, Lwffl. 

Spergularia, I'ers. 

Spergula, L. * 


Subord. 2. ScEEHANTirE.®!. With- 
out stipules; calyx with an indurated 
tube; petals none; stamens opposite 
the S(pals. 

Sclcrantlms, L. 

Suborders. JIoixugine.S5. Sta¬ 
mens alternate with the sepals when 
et/ual; if fewer, alternate with the 
carpels. 

MoUugo, L. 


Afflulties, &e. —This Order consists of upwards of a hundred species, 
aucl may be regarded ns a dt'generation of (Jarvophyllacem, from which 
they di'tter in the possession of stipules, the tfiiii petals <S:c. forming a 
transition to the npetalous Ohcnopodiacem and Amarnnthacese. They 
are also nearly related to Portulacacea?, diilering from .‘•■onio of the genera, 
of that Order only by the position of the stamens opposite the sepals. 
Some of them are succulent, like the Crnssulncem, but are distinguished 
by the structure of the ovary. They are mostly valucle-ss weeds, abound¬ 
ing in barren sandy tracts throughout the temperate regions of the globe. 


Order LXYIII. POUTULACACE^. 

Class. Caryophyllinoe, Endl. All. Silenales, Lindl, Coh. Caryophyllhiifi, 
lienth. et Hook, 

• 

425. Diagnosis .—Herbs with succulent leaves and regular un.symmetrical 
flowers (sepals fewer than the pelaks); sepals 2, rarely 3 or 6; petals 
mo.stly 5 or 0; stamens opposite the petals ■when of the snnii' member, 
but often indefinite. Capsule 1-5-celted, vith few or uianj' seeds on lung 
funiculi from the base, or on a free central placenta; embryo curved; 
round floury albumen. 

iLLtrsTRATmi Genera. 

Tetragon!^ L. Portulaca, Tournef. Olnytonia, L. 

Aizoon, L. Talinum, Adam, Montia, Michel. 

Sesuvium, L. 

AffinWas, *0,—This Order, here regarded, has various relations, and is 
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not well defined. It approaches very ctoely to Caryophyllacope thi’ough 
VaronvchiacesB, but may be distinguished by the 2-"parted calyx and the 
number and position of the stamens. Like Paronychiaeoic, the inembors 
of this Order are nearly related to the proper apotalous Orders, f'heno- 
podiacea) &c. Lindley separates the Telragoniece, Aizoklece, and Sememe 
in an Order called Tetragoniaeem, difl'eriifg from Povtulacaci'iti in their 
apetalous fiorYers, multilocular ovaiy, and distinctly perigynous stamens. 
PortulacaceiB would thus be defined chiefly by a 3-Bepalous calyx, hypo- 
gvnojis or rarely pmgynous stamens, and 1-cellcd ovary, llentham and 
Hooker refer the Teti-agonieie to Mesombryanthace.T!), from which they 
differ in their apetalous flowers. Pm-tulaca is exceptional in it.s jiartially 
inferior ovaiy and perigynous stamens: hence the Order, as a whole, is 
considered by Bentham and Hooker to belong rather to the Thalamiflorai 
than to the Calyeiflor®. The plants of this Order,are generally dill^sed, 
in waste, dry places. Portnlncn oleraeen, Pursliiue, is an old-fashioned 
pot-herb; others are used in the same w.ay. Tetrai/nnia e.rpansa fur¬ 
nishes New-Zealaiid Spin.ach. Clm/fonia tuberosa has an edible tuber. 
Many have showy^ but cpheineral liowei's. Lctrisia reiiinm (Oregon) 
has a starchy root, used as food under the name.s of spatnluni or spaitliiiii 
and racine amere] it is pungent and aromatic when raw. 


Order LXIX. MESEMBRYANTIIACE.^: or FICOIDE.E. 

lci;-PL.\NTS. 

Clans. CaryophyUinm. All. Ficoidnle.s, Lindl. Coh. Ficoidales, 
lientk. et Hook. 

42(i. Diagnosis .—Shrubby or succulent herbaceous plants, with o]iposite 
simple leave.s; sepals definifi'; petals very numerous: stamens indefinite, 
perigynous; ovary infeiior or almost supeiior, niany-celled orl-celled; 
ovules numerous, attached by cords to a free central placenta or to axile 
placentas, or to parietal placentas spreading over tlie back of each cell ; 
seeds numerous; embryo curved or spiral, on the outside of mealy 
albumen. 

Il.nrSTIiATIVE (ii vu.s. 

Me,sembiyantheiiium, X. 

• 

Affinities. —Very nearly related to I’ortulncaceus and Paronychiace.'c. 
From the former they difi'er in the parietal, not free centrar placenta, 
from the latter in ‘the position of the .stamens, mnny-celled ovary, and 
dehiscence of the, cB])aule. Tlie .structure of the (nory is curious, pre¬ 
senting very different conditions in dilfennit mcmbcis of the Order; 
probably it is somewhat analogous to that of Cuenrbitacen?, and the 
diverse positions of tin; placenta.s depend on the degree of involution of 
the carols and the di8rn])tion of the septa. _ The parietal placenta, 
together with the pre.senee of numerous petals, serve to indicate a rela¬ 
tionship to Cactace®. Bentham and Hooker refer to this Order Tetrago- 
niea (see Portulacscoie) and Mollnginete (see Paronychiaceas). The plants 
are remarkable for their succulent foliage^ accompanied sometimes by 
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water-vesicles or pseudo-glands on the epidermis, whence the name of 
Ice-plant applied to 'Mesemhryanihenmm cri/stallinum. The ripe capsule^ 
are very hygrometric, the valves opening when wet and closing when 
dry. 

Distribution.—A rather large Order, of which the ma.jority belong to 
the sandy tracts of the Gape, but a few are found in S. Europe, America, 
China, and the South Seas. 

Qualities and Uses. —The foliage of M. eilulc flTottentots’ fig) is eaten 
at the Cape; M. emarcidum acquires narcotic properties when termented. 
Several are burnt for the soda-ash in Egypt, Spain, &c. The seeds of 
some yield a kind of flour. . 


Okder LXX. PAPAYACEtE. The Papaw Order. 

Cfaiis. Parietales, Endl. All. I’apayales, Liitdl. Coh. Passiflorales, 
Bmth. et Hook. 

4‘27. Hinr/no-ds .—Trees or shrubs, .sometimes with an acrid milky juice, 
allernate, lobed, long-stalked leaves, and diclinous, sometimes herma¬ 
phrodite, dichlainydeons flowers. Male fl.:—calyx free, minute, with 
.') teeth ; corolla m'onopetalous, with 6 lobes; stamens definite, epipetalotis. 
Female fl.:—Petals 5; corona filann-ntous or fimbriate, sometimes none; 
ovary free, 1-celled, with ,‘1-5 many-seeded parietal placentas; fruit suc¬ 
culent or dehiscent; embryo in the axis of fleshy albumen. 

lELt;.STRATIVK (l ES-ttRA, 

Garica, L. | Modecca, L. ' | Ceratosicyos, JVi'cs. , 

Affinities, &c.—The presi'Ut Order stands near to Cucurbitficete and to 
Pa.ssiti(irueeie, ditl’ering, however, in innKirt.ant respect.s from both,—since 
the fornu'r have an inferior ovary and e.valbuniiiious setals; the latter, 
lu'rmaphrodite flowers and a cbarnctevistic coronet arising from the tube 
of the flower, o®i dift’erent nature to the staiuinode.^^ or sterile stamens of 
“^the present group. Bentliam and Hooker inelude it under Pa.-vsifioracem. 
The Papaw-tree, Carica Pu/mi/d, has a succulent fruit, edible wlieu coi)ked, 
blit the juice of the unripe fruit and the seeds appear to be very acrid. 
C.ditjihita ( Brazil) is regarded as a very deadly poison, and its juice bli.'iters 
the akin. The species of Coricd are natives of Soutli America, tlie otlier 
genera are East-Indian or African. 

(■PANOIACKA?; are an Order of arborescent plants’ closely related to 
IbipayaceiB, differing chiefly in being polypetnlous, and by the female 
flowers having scales in the throat; the number of parts in the floral 
circh's also appears more variable. They con-stitute a 'fribe of Bixaceie 
in the ‘ frenera Plantarum ’ of Bentham and Hooker. They are poisonous 
plants found in the hotter parts of India. Hi/dnocarpus roni’iidfiii is a 
native of Ceylon; its fruit produces dangerous intoxicutioii. The seeds 
of Panr/inni are sometimes used, after boiling and extraction with water, 
ns a spice, but even then have cathartic pi-operties. Genera : Pa/iyiam, 
Keinw.; Oymmearpeaf 11. Br. ; Hydnocarpu^, Grortu.) 
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. Order LXXI. PASSIFLORACEtE. pAkioN-FDowERs. 

Class. Pftrietales, £ntll. All. Violales, Lindl. Coh. Passiflorales, 
Jienth. et Hook. 

428. Diapnosis. —ClimbinjT plant.s, rarely_ erect trees, with tendrils and 
foliaceous stipules; leaves and leaf-stalks often glandular; dowers perfect; 
calyx 6-parted,witli nuhierous lilamentous processes springing from the tube 
of the flower (receptacle), inside the 5 petals; stamens 5, monadelphous, 
adherent to the stalk of the 1-celled ovary, which latter is free from the 
calj'x, and has 3 or 4 parietal placentas and as many clavate styles : fruit 
mostly succulent, stmked; seeds numerous, arillate; embryo straight, 
in thin fleshy albumen. 

Illusthative Gexf.ra. 

Smeathmannia, Sohnd. | Passiflora, Juss. | Tetrapathrea, DC. 

AOtnittes.—This Order, which re.scmhlp.s the Cucurbitacem in habit, has 
a further affinitv in the structure of the ovaiy, the mo.st marked difference 
being the supenor position of that organ and the presence of albumen in 
Paasion-flowers. The coronet or wreath of filifonii organs between the 
petals and the stamens, and the gjuandrophorc bearing the stamens and 
ovary, mark this Order out very clearly, and ordinarily its flowers are 
perfect; but the geijus Tctrapatliaa appears to connect it by a further 
fink with Cucurbitacefo, since the flowers are there polygamous or even 
dioecious. It is clo.«ely allied to Samydacese, in whicli, fiowever, there is 
i» corona. From Turnerads it differs in the gynandrophore, and mnrc:es- 
•cent not deciduous petals. The relations to Oapparidacete, Bi.taeea}, and 
Violaceaj are more remote. 

Distribution. —cousidemble Order in point of numbers: the greater 
part are South-American .and West-Indian; a few occur in North 
America, Africa, and the East Indies. 

Qualities and Uses. —The pulpy fruits of many species of Passiflora 
(Granadillas), several Tacsouue, and of Paropsin crf«itAire eaten; but 
astiingent properties e.xist in the leaves, while the roots of I'assiflora 
^ladranr/ularis and the flowers of P. nibni are narcotics. The Ireautv of 
the flowers and foliage renders thi.s Order a very favourite one in cultiva¬ 
tion. Passifiora ceerulca is hardy, hut mo.st^of the other species and the 
Tacsoniat are greenhouse or stove climbers. 

(MAi.B8:Ri!RBiACKii3 consi.sts of a few unimportant hurbs or low shrub.s, 
natives of Qhili and Peru, resembling Passifloraceae in the structure of the 
flowers; hut the coronet is nvrely a membranous ring, the styles arise 
from the backs of the carpels, and the seeds are not arillate. Included 
as a Tribe of the preceding Order by llenthara and Hooker.) 

(Ttonebaceas. Herbs or half shrubby plants, natives of the We.st 
Indies and South America, with J5-meroiw flowers, deciduous contorted 
petals with no corona, and a 1-celled superior ovary witji .3 parietal 
placentas; seeds albuminous, with a strophiole or false aril. They appear 
to form a link, through Malesherbiacete, from the Passiflorace® &c. to 
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parietal Thalamifloral Orders, such as Cistacese. They have tonic and 
aromatic properties. Genera; Tumcra, Vlwca. •, Aubl.) 

(Samydackje form a tropical Order, chiefly of American plants, of 
somewhat doubtful place: apparently tliey stand nearest to Bixacefe and 
the Tlialnniiflorjc with parietal placentas; however, they are apetalous, 
and the stamens are perigynoiis, which relate them to a different sot of 
Orders. One of tlndr most striking peculiaritie.; is the presence of both 
round and linear pellucid glands in the loaves. The bark and leaves of 
the plants are astringent, and those of species of Casearia are used in 
Jirazil ns febrifuge medicines.) 


Ordeh LXXIL CUCURBITACEiE. The Cucumber Order, f 

Clufs. PeponiferDe, Endl. AIL Cueiirbitales, Lindl. Coh. Passiflorales, 
lienth. et Hook. 

420. Diatinonis .—Herbaceous plants, mostly succulent, prostrate 
or climbing, with tendrils; leaves alternate; flowers dioecious or 
mona)ciou.s; the flower-tube adherent to the 1-3-cellod ovary; 
corolla none; and the 3-5 stamens commonly more or less united 
by their often sinuous anthers as well as by their filaments. Fruit 
a pepo, or, more rarely, a succulent berry. Placentas confluent in 
the axis; albumen none. 

Character. 


Cah/.r adherent in the female flowers, 5-toothcd, sometimes without 
a limb. 

Corolla of distinct valvatc petals, or 4-5-pavted, sometimes fringed; 



Fig. 371. Female flower of OiieurMfo, 

Tig. 372. Btaminal column of male flower of 0-ourd. 
Fig. 373. Section oi the fruit <3i tixe Cucumber. 
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spriiipfing- from the calyx, and with the lobes alternating with 
• tiiose of the calyx. 

cj. <S7«m«HxS 5, sj>ringhig from the corolla and alternate with its seg¬ 
ments, more rarely 3 of 2, sometimes free. monadeli)hous, or mhrc 
fro<iuently triadelphous, with 2 pairs and 1 odd one; anthers 2- 
CL'lled, usually long and sinuous, or bent upon themselves laterally 
(tig. .‘372), sometimes straight, free, or combined. 

5 . Ooarji inferior(fig. :371), 13-celled; usually with 3 placentas placed 
parietally,T)ut on the involute margins of the carpels so as to inoet 
in the centre (fig. .‘37.‘3), sometimes with 2 placentas and 2 erect 
ovules, or 1-cellod with a solitary pendulous ovule; stple short: 
stigmas thickened, papillose, lobed or fringed. 
i^rait more, or less succulent; a pepo with a firm rind, or a juiev 
berry with a thin skin; seeds mostly flattened, with a suecnlent 
or membranous coat over the leathery or horny testa, which pre¬ 
sents a marginal ring or keel; embrifo flat, without albumen. 

Il.I.l'STH.\TlVE Gk.N'EKA. 


Series 1. Pi.AGiosi’EnME.n. Oculcs j 
honaontal, 

Telfairia, Hook. • 
b’euillfoa, L. 

Anguria, L. 

Bryonia, L. • 

Miikia, Am. 

Citruilus, Keck. 

Ecbal^m, Z. C. Rich. 
ilomofdica, L. 

Lutta, Tonrnef. 


].<agonaria, Scr. 

Cucuniis, L. 

Ciiciirbita, L. 

Series 2. AnouHEiE. Ovtdes erect 
or ascending. 

Trianosperaa. 

Klatorium. 

Series .3. CuEsiosPEniiKAj. Seed 
solitarg, pp?idtdoHS. 

Sicyos, Z. 

Seehium, P. Hr. 


AJBnltles, iie.--The Oaeurbitacea', divided as above into <3 series, are 
still further divided into tribes according to the uuiiiber of the stamens, 
the form of the antlier.», the nature of the placentas, and the number of 
the ovules &c. They form a veiy well-defined Ord(!r, but have affinities of 
a very diversified range. The hivbit and the plaeeutiitiou ally them closely 
with Passiflorace.ne, from which tliey difii'r, hdwever, in the i)Osition of 
the ovary, the unisexual flowers, the peculiafttructure of the anthers, and 
the want of ;dbumen. Their nearest relations among the epigynous (,)rders, 
after Bogoaiiueeffi, appear to be the Loasacem, through Oroiiovia, whicrli 
agrees in i|^ climbing habit, and comes near the Sicgece. In the, structure 
of the ovary and seeds and. tl.-s; position of the stamens there is a certain 
approach to the polvpetalous Onagraceie, Myrtnee.D, &c., and, furtht.r, to 
the monopetalous Oampanulace;e. Again, the diclinous condition and the 
structure of the pvary connect them with Papayaewe. This Order pre¬ 
sents a number of points of interest as regards structure. The tendrils 
appear here to be partially metamoi-phosed leaves, while their base is con¬ 
stituted of an abortive.branch; the construction of the ovary of the (hiciir- 
<<s is remarkable, the sides of the carpels being inflected to the centre, 
then rolled in further upon thcmselveB until the mwgiual placentas 
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are brought back nearly to the circumference of the fruit; hence, although 
termed parietal placentas, they are rather an excessive case of the inflexion, 
which ordinarily product's axile placentas. The form of the fruit is 
varied; the pepo assumes almost every raodiflcation of globular, oval, 
bottle-shape, siiusage-like, or even anako-Hke form : some kinds are dehi.s- 
C(!Ut ; in lichaliuni it bursts by separatin^T from its peduncle and (ixpelliug 
the seeds with violence through the orifleo ; in Monwnliea and others it 
hursts irregularly; in Elnienwn it bur,sts hy two or three valves at the 
summit,; and in somt; 8])ecies of Tjuffa an orifice is formed at tlio top by the 
separation of the scar of the calyx. In HiKhium the pepo cenluinii only 
one seed, which genninates-witlnn the fruit, and never separates from it, so 
tlnit the fruit resembles a thick root-stock. • 

Distribution. —A considerable Order, the speci(>a of which are chiefly 
natives of hot climates, osjiecially aboimdingr in the blast Indies, but some 
fouiui almost everywhere; lirijonia dioica is the only Ih-itish species. 

Qualities and Uses. —The majority of the plants of this Order are to be 
looked upon as suspicion.';, from the prevalence of a purgative property, 
sometimes very violent, sometimes slight, and apparently'tiiible to afl'ect 
particiihir constitutions more strcaigly tliaii others. Some kinds may he 
reckoned as poi.sons, while others, ('.specially when cultivated, although 
they retain laxative qualities, become innocuous. 

Among the decidi'd purgatives. E cbriliiini nr/rextr, tlin dried juice of the 
fruit of which furnishes “ KlateriuiuT* isTone of the most drastic agents 
known. Ciil ucyiith is the c'xti'act of the pulp of V'druUux Coloci/itthU ; the 
fruits of severnf spoi'ies of Xw/fd and Lin/ruriria are .strongly ptirgative; the 
roots of the various species of Enjonia are actively cathartic; and the 
same quality resides iu the s('('d,s of Foiill/ea rurdifoliri &e. Some otlier 
plants of tlio Oi-der share this quality, although the seeds are generally 
narmless. 

On the other hand, the milder .species fiiniish fruits highly esteemed 
cither as fruits, for their delicate tiiivour in thi'ir fresli sttite, as in the 
jMelon and the Cupumlier, or as pot-herbs, from the succulent, hlasid, 
pulpj^uh.staneo of tlio unripe or ripe fruit, as of the (tourds. Ciiciimiit 
Mho is the coinniou !^lon : Ciwunn'ti xatiriix is the CucuaiJST'r; Cucurbita 
Citndhix is the Watitr-melon; Ciicvrhifa Pepo i.s the Wliite Clnurd, C. 
vuLvima the lied (JnurtToi'Pninj^n; the Vegetable-mniTow i.s a variety 
of <■'. Pepo. The Snake-gourd, T’riV/uworttAe.s anijiiina, is eaten in India, 
also many other species of (bicurhitaceous plants, which appear to become 
much milder under cultivation. The fruit of Seihiiiiii rdide is also eaten 
in hot coinitrie.s. The .si'etfs are oily: .some ari' harmless, as those of 
Tefairiapedata (Africa), which are .“aid to he as large lus chestnuts, and 
are eaten like ahuotids, and the oil expressed. The pulp surrounding them 
is very bitter. 

Order LXXIII. BEGONIACE.E. Elephant’s Ears. 

Class. Peponiferm, Endl. All. Cucurbitales, Ltiull. Coh. Passiflorales, 
Eenth. et Hook. 

430. Ewfftwsts .—Herbaceous plants or low suce\ilJnt shrubs with an a(^d 
juice; leaves alternate, oblique at the base, with large scarious stipub 
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flowers diclinous,' sepals coloured, those of the barren flowers in two pairs, 
decussating; those of the fertile flowers 6, imbricated; or 8; stamens inde¬ 
finite, distinct or coherent in a column; antliers clustered; ovary inferior, 
3-celled, with 3 dissepiniental placentas meeting in the axis; stigmas 3, 
sessile, 2-lobed; seeds exolbuminous, with a thin reticulated testa. 

Illustrative Genera. 

Begonia, L. | Ilillebrandia, Oliv. 

AfiBiflae*, &C.—Tim relations of this interesting and numerous Order have 
been variously eonoeived by different authors; but they appear to be; very 
near Cucurbitace®, the so-called, parietal placentas of the latter being 
rather an excessive form of the double exile placenta^ of such plants as 
Jh'ploclmhun, and the placentas of Mezieria are described as parietal. IJil~ 
khrandia has nearly regular flowers, and the ovary opens at the top as in 
Reseda. It confirms the relationship to Datiscads. They are natives 
chiefly of India, South America, and the West Indies, and are much cul¬ 
tivated for their beauty; the oblique or unequal-sided leaves are charac¬ 
teristic, whence they are sometimes called Elephant's Kara. Many Be¬ 
gonias are remarkable for the production of adventitious buds in great 
numbers from various parts of their surface. The roots appear to be bitter 
and astringent, sometimes purgative. .B. tnalabarica, tt^rosa, and some 
others are used as pot-herbs. 

(DATLSCACEiB are diclinous apetalous herbs or trees, with alternate, 
exstipulate, simple jDr compound leaves; barren flowers with a 3-4-me- 
rous perianth and tl-7 stamens; fertile ones with an adherent 3-4-toothed 
perianth, a 1-celled ovary with 3-4 many-seeded parietal placentas, and 
a dry fruit opening at the summit. They consist of a few species very 
widely scattered. Daf.isca canmhma is found in the south-east part of 
Europe, and has bitter and purgative properties. The Order appears so 
nearly related to Cucurbitnee.®, Begoniace®, and Loa-snee®, that it is 
undesirable to place it among the Monochlamyde®. D. cannahina is re¬ 
markable as affording one of the examples of a tendency of the female 
flowers of dimeious plants to mature seeds without impregpiation ; this 
phenomenon has been observed frequently in Cwloboggne and Merciirialis 
among the Euphorbiacere and in Cannabis ; but some error of ob.«er\'ation is 
to be suspected in these cases. Tetranuirs is a large tree, the rest are 
herbs. Genera: Datisca, L.; Tetrame.ks, It; Br.; Trkerastes, Presl.) 

(IIOMALiACEJE are a small Order of tropical trees or shrubs with inferior 
ovaries and parietfJ placentas, related on the one hand to Passiflorace®, 
on the other to Lna.sace® and Qactac®®. They are included in Samydace® 
by Bentham and Hooker; some of them have been introduced into culti¬ 
vation on account of their foliage; the flowers are smalL Genera: IIu- 
rndmUf Jacq.; Blackwellia, Commers., &c.) 
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Order LXXIV. LOASACEiE. 

Class. Parietalen, EntU. All. Cactales, Lindl. Coh. Passifloroles, 
Eenth. et Hook, 

■> 

431. Eiaffnosis. —Herbs; sometimes bispid with stinging hairs; leaves 
opposite or alternate, without stipules; calyx adherent, 4-6-parted; petals 
5 or 10, ill 2 circles, often cucullate; stamens iiui.icrous, free or in bundles 
adherent to the petals, often intermixed with staminodes or abortive sta¬ 
mens; ovary 1-celled, with several parietal placentas or 1 central; ovules 
pendulous; seed with a loose testa ; embryo in the axis of fleshy albumen. 

lLi.usTn,\TivK Genera. 

Mentzelia, X. Jjofisa, Adans. Gronovia, X. 

Bartonia, Sijns. Jllumenbachia, Schrad. 

Affinities, Ac.—A small Order. The Genus Gronoria, with a climbing 
habit, connects this Order with Cncurbitaceae, especially those with a 
■single seed; but in the latter Order the .seeds are exalbuminous. It is 
likewise clwely related to Cactaceie, di liering importantly in habit only 
from some genera. "With Hegoni’ads it Hgree.s in the character of the seeds. 
.•V further aflinity exists to the opigynous Order Onagraceai; and among 
tho.«e with a free ovary, Malesherbiacem, Tumeracem, nndjPessifloracete 
exhibit some points of agreement. They are natives chiefly of America; 
but some occur in other parts of the globe, in temperate and tropical climates. 
They are principally remarkable for their stinging hairs, which produce 
more violent irritation than our indigenous Nettles. Madzelia hispida 
has a purgative root. Loasu, limionia, &c. are often cultivated on account 
of the beauty of their flowers; but some of them are rendered less valuable 
by their stinging-property. 


Order LXXV. CACTACEXE. Indian Figs. 

Class. OpuntisD, Endl. AH, tbictale.^, Lindl. Coh. Ficoidales, Benth. 

et Hook. 

432. Diagnosis .—Fleshy and thickened, mostly leaflcs.s plants, of 
peculiar aspect, globular or columnar and many-angled, or flattened and 
jointed, usually with prickles. Flowers solitary', so,ssilp: the calyx and 
corolla sometimes 4-merou.s, but generally nndistinguishable and inibiy- 
cated in several circles adherent to the l-cell*d ovary; stamens indefluite; 
placentas parietal; fruit succulent; seeds numerous, parietal or in the 
pulp, exalbuminous. 


Illusthativk Genera. 

Mammillaiia, Hav:. Phyllocactus, lAnk. Opuntia, Tournef. 

Echinocactus, Link et Ott. Khipealis, Gartn, Fereskia, Blum. 

Cereus, Haw. 
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SrSTEMATIC BOTAirr. 


AfBnlttea, fte.— Tliese plants are gx'nerally distinguishable at first sight 
by tlie remurkabli' forms of tlieir suceiileiit stems aifd tlie absence of true 
leaves; but this anomalous eoiiditioii of the stem is not a decisive eharae- 
ter, nor does it even carry with it indications of affinity, since we find it 
among Kiipiiorbiacea', in Sfapelicrf among the Asclepiadace.-e, in VMtaceiO, 
and elsewhere. The ordinary forms scarcely reijujrede.scription: but it must 
be noticed that the leaf-like structures Qiijpiplnilbim Ike. arc' branches, and 
the leaves arc! rc'prescmted solely by .spines in the common kinds, each tuft 
of .s])iiu's reprc\senting an abortive shoot with undeveloped internodc's; 
Fcrenkitt, however, bears true leaves, ses.sile or stalked. 'Ine ati!Uis have' a 
woody a.vi8 of the mtrmal Dicotyledonous .structure; the chief ma.ss of the; 
stem of the phylloid kinds is made up of the greatly det'eloped cortical 
pnivncliynia; but the globular and coliimuar kinds are very .solid: tlm 
wood is remarkable for a peculiarly formed spiral thickening of its cells: 
and the parenchyma of obi stems is densely loaded with crystals of oxalate 
of lime. 

The relations, ns fotinded on the structure of the tiowers, are, perhaps, 
closest with Loa.sactw. and bewond thcan with the (’ueurbitacea!, with, 
however, luany important point’s of ditlereiice from the last. There is ti 
considerable resemblance* in certain respects to Me'.sembryanthaceie: for the 
.placentas of that Order and tho-ce of the prc.'.sent are apparently but .slight 
modifications of a .similar fundamental .structure. Home degree of atlinity 
exists betwec'n Oactacc'u* and Hibesiacea*: but thc! dicarpi'll^ry stritctnre 
there and the albuminous .seeds are important distitiction.s, and indicate 
a closer relationship of tin* latter plants to Haxifr.agacciu. 

Distribution.—A large Order, the members of which arc* almost exelu- 
sively found in tlic^ bolter parts of .Vinerica, e,specially in dry situations. 
Opuntia riilparis is natura!izc»d iu Hicntb I’luropo and elsewhere. A species 
of Ithipmlis occurs in Africa. 

Qualities and Uses.—A ,subacid juicc! is commonly present in tbese 

S lants, whence .some of tlu*m are e.stc'emc*cl as remedies in fevers; the pulpy 
•nit of some is agreeable on ac-eonnt of thi.s quality, in others it is in.^ipid 
and mucilaginous. Cattle are .said to brui.se the trunks of some s])c‘cic!.s 
with thenr hoofs in order to brow.se cm the succailc*nt parc-nchyma. Opuntia 
vuhpirk is the Prickly Pear, the fruit of which i.s esteemed in thc; south 
of Europe and America. The fruit of 0. Tuna yields a c-armine pigmc*nt; 
that of Pereshia acuh’uta is c*allc‘d the* Ilarbacloes (tooseberry. O.cdccinel- 
lifera, the Nopal plant, is celebrated as forming the habitation and 
su.stenance of Cocc-un Cacti, the (lochincccd insect. CcreuH (p-aiuli/torun, 
C. npdkalm, and .some others arc; noted for opening their magnificent 
flowers at night: these and many other species of this and other gc'iiera 
of tho Order, such as E/uph>/!luui, Phpltncuriu^, lihipMilU, &c., arc* highly 
valued in cultivation for their .showy flowers; and the globular, columnar, 
and angular stems are not iess remarkable, on account of their strange 
appearance. 
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OiiDERLXXVr. RIHESIACEyE OK GROSSULACEiE. . 

CURltANTS. 


Chtsif. Corniculatfe, J^ntU. All, OrnMsjileSj TaikU. Cuh, liosalea, 
lienth. ot ILutik. 

433. —Low slini]).s, .'iomctiiiies pricMy, with altoriiate pal- 

niately loboil a 3-l(,hi*d calyx aillicriii^^ to the l-ccllcd ovaiy and 

bearing o stamens ahernatiiig witli as many small petals. Emit a 1-celled, 
inl'erior berry with parietal placentas. Heeds numerous, imbedded in 
pulp; embryo minute, in abundant horny albumen. 


It. I.y STUATIVF. C1 E>- us. 

Jtibe.s, 71. 

Affinities. —These plant." wer(‘ formei-ly ii.s.«ociated in the .same Order 
with tiactacem; but tlicir .stmclfire dillers impoitantly, and approaches 
so nearly to that of SavilVagacem, that 7W//iwn(« is placed among the 
V-.'scnZ/onVcfC by some authors, and in thi.s Order by others: the .'ticciilent 
iVuit and tl^e'horny albumen are almost the only criteria, since the pla¬ 
centas are, parietal in .some Ennilhnimc, Jly ISenthatn and Hooker this 
Order i.s incliuh'd under ..sa.yilragaeea; as a di.-tinet 'i’ribe. 

Distribution. —Cool or shady loealitie.s in the temperate regions of 
I'kirope, .\.sia, ami America. 

Qualities and Uses. -The agreeable acid I'rnits form the most striking 
character of this Drdcr. The tionseberry (77. t/ro.wa/urtn). the lllaek 
Currant (11. iiii/non), the lied and ^\'llite Currant (77. riihi-wit) are the 
most taltiahle kinds. The lllaek CuiraiiL is remarkable for the aromatic 
gland,s, which give a stimulant proiMUty. All eontain nailie acid. Other 
fruits; of the (Inler rcsendde the.se, hut are commonly either tasteless or 
e,\ees.slvely acid. Heieral .-peeies are showy garden shrubs, as 77. annum. 
It. cocmneuni, &c., in wliieh the ealy.v is brightly coloured. 


Order LXXVII. lIAMA^MEL.VCErE. Witcii-TIazels. 

Clans. Discantlue, J-AalL .ill. Emludlales, Li'iall. Cih. liosales, 
livath. H Jlnuk. 

434. Diat/nosis. —Shrub." or trees, with afli'rnate simple leaves and de¬ 
ciduous sti]mles ; llowers in heails or spikes, often polygum ms or mona‘- 
cioiis; calyx adherent; petals nariow, valvate or involute in the bud, 
or absent; stamens twice as many ns the petal.", half .sterile and scale¬ 
like, or ntmierotis; pistil of 2 carpels, forming a 2-celled ovary, with 
2 styles; ovttles solitary in the cells or numerous: fruit a 2-beaked woody- 
capsule with 1 seed in each of the two cells, bui-stiitg at the top; seeds 
albuminous. 
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SYSTEMATIC BOTANY, 


Tribe 1. 
mydeons; 
cell. 


ILLUSTRATIVE Genera. 

IIama>ielk,e. ilichla- Tribe .'i. Altinoie.e. Ctthj.v 
1 suspended ovule in each often rudiineniari/; ovules several in 
each cell. 


ILiiuamelis, L. 

Trichocladus, Pers. 

Tribe 2. Fotiikroille.e. .Vo- 
nochlamydeoiM; uvanj in Tribe 1. 

Fotherg-illa, L. f. 

Farretiii, C. -I. Mep. 


T.iquidambar, L. 
liucklaadia, It. Hr. 
lihodoleia, Champ, 


AfBnltlM, *Oi —Liiidley makes Liyaidainbar the type of a distinct Order, 
Allingiacete, a'iociatad witli tlie Amemiferous Orders; but tlie relations 
between the genem above noted appear opposed to this. The flowers mav 
be regardetl as indicating an aberrant fonn, standing near t'ornwete, from 
wbicit they ditfer in their perigynous stamens, the fertile ones opposite 
the petals, their multiple style, alteriiiite leaves, &c. They are also 
conneoted by Hruniaceto with the L'mbellifene. They approacli closely 
to the Saxifrages, but have wood-cells marked with glandular dots and a 
large (not ainall) emhrvo, besides Oliver points. The spt'cies are not 
numerous, but are widely diti'used. Jlamamelis rirpinica, Witch-Hazel, 
has oily edible .seeds; its bark and leaves are a.stringent, and contain an 
acrid volatile oil. \'arious species of Liipiidandnir yield the pnng'etii 
resin called .Stom.x. L. stprari/hai (North America) is an ornameutid 
tree, the hand.some o-tid leaves of which tnrn red iu autumn; its resin 
contains much btmzoic acid. .Most of the •' litpiid .Storax " of commerce 
comes from the East, probably from L. orlentale in the Levant, and 
L. Altiiii/ia in the .Malay islands. Tho bark of these trees Ls also acrid 
and bitter. 


(Buuniace.e are an Order of lleath-liko shrnh.s, mo.stly found at the 
Cape of Good Hope, of unknown properties: in structure appaivntly 
connecting the H,.mainelnce!e with the I mheliifene, having an epig’vnons 
disk, and the heads of flowers sometimes surrounded by tnvolucrai bracts: 
but the petals are valvate. They liave some degree of affinity to .My rtaceie 
also, thus bringing these into relation with the Guprifoliacetc aud allied 
Orders. Gcuera: Bnmia,h.-, .VhaufV/, Tliuub.) 


Cjl; Order LXXVIII. UMBEL LI raiL'i: or APlACErE. 

Class. Discanthib, Endl. AH. Fmhdlale.s, Lindl. Coh. Fnibellales, 
Penth. et JIuok. 

435. DiaijnosU. —Herbs, gemTally with fistuJ.'n stcin.s, tdtornatc 
ItAves sheathing at the biLsc, generally deeply divided; the flowers 
in umbels j the tube of the caly.x completely adherent to the ovary ; 
the 5 petals and 5 stamens springing from the disk crowning the 
ovary and .surrounding the base of the 2 styles (fig. 374); the fruit 
consisting of 2 separating, soed-like, dry car^iels. 
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Character. 

Cahjx adherent, the limb 5-toothcd, ring-like, or undiatinguishable. * 

CorolUi : petals 5, distinct, springing from the outside of the fleshy 
disk, mostly inflexed at the point, sometimes bifid, often unequal 
ill size. 

Stamens 5, alternate with the petals and emerging with them, in¬ 
curved in the hud. 

Onanj inl'er ior, 2-colled, composed of 2 coheiont carpels;- surmounted 
by a double fleshy disk or stylopod, from which project 2 divergent 
.styles; sthjnuts simple; ovules 1 in each cell, pendulous. 

Fruit consisting of 2 sced-like halves (me.riearps) separating at the 
connuissure, remaining attached above to a forked carpophore 
(fig. :377), which was previously enclosed between them; each 
mericarp an indehiseent 1 -seeded body, with the pericarp deve¬ 
loped into longitudinal ridges (jaya), primarj- and .sometimes 4 
secondary, with intervening channels (vallnnl<i<), in which often 
exist line.s of oil-Lcaring tissue c ulled v itlm; euihryo in the base 
of abundant horny albumen. 

' Kig. :37o. 



Fifr Vi. v,.n i<*al tifoMon of tln> flow«»r of K-Tin>W«m. 

-iT/v Croiw cvf fho fniit of 

Fij{. Fruit nf 

Fig. 377. Ki|)v fruit (iuon(»tri>8) of , 


Ili.vstkativk Ok2*era. 


Serie.sl. IIktehosciadia'. Ui 
he/s simple; riUte none. 
llydrocotyle, Tournef. 
.Midinum, Pees. 

Sanicula, Tournef. 

Astrantia, Tournef. 
Eryngium, Tournef. 


Series 2. TIai>i.07.yot.«. Vmheh 
compound; prinian/ ridi/es of fnnt 
alone eotispunious; riita rardyahsatt. 
Echinbpliora, L. 

Coniuni, L. 

Smymium, L. 

Cicuto, L. 
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SYSTEMATIC HOTAIir, 


Apiuni, lloffm. I Fenila, L. 

Uelosi-imiiiim, Koch, I Doreiim, Don. 

Aiiiiiii, Timrncf. } Pouct-dimimi, L. 

yK>ropoiliviiu, L. Ileraeltiimi, L. 

Carmu, Koch. Opupoiinx, Km-h. 

lJupleurum, Tonrnet. Series .'5. Itii’i.oy.Ytjr.E. Umhch 

(Fnaiithe, Lam. compound; fruit u'ith both primary 

/1‘Aluisa, L. j ID,it Kcco/utari/ ridt/cg well murlied. 

Ftvuiculuia, j Coriniulruiii, 2. 

Silaus, lle/s. - j Cumiiuaii. L. 

C'rithimini, Tounu-f. i Dauciis, L. 

Aufreliea, lloffm. | C'aiieulis, L. 

Aix’liaujrelua, lloffm. 'I’liapsia, L. 


AfStilties, &e. —Tile arranfrenient of tho ireiiera above ^dveii is tliat of 
lientbam and lIuolvi“r, (irt'atly reduce the number of genera cited by 
other authors. By I >e Candolle the L ittbellifers Avere grouje d under three 
Subordens:—1. Ortho.sjierinea-; alhunieu flat on the inner face: 2. (,’ainin- 
lo.spernuat: albumen involute, with a vertical groove on the inner face: 

Ccelo.spermea:; alhunien iiitleved ala>ve and below. The plaut.s of thi.s 
very e.vteii.'ive and imi>orfitiittrder are in general readily ri'cojnii/able 
bv their inlloresceuee and li.stular 4i‘ms; but thei<e chnrncters are not 
always pre.seiit,e\ell in the iudijfeiiou.s forms; and it is in-^tructiie in this 
respect tp (juvaiuine the genera Snniciilu atid llydrocotylc, where the umbels 
are little developed, and Krynyium, wheri- the tiowers are se.ssile and the 
involucral braeUs .sumueh dereloued a.s to give the umbel.s the appearniiee 
of the capitula of (..'oni]>o.sita-. Tliese deviations from the ordinary liabit 
aix still mure striking in .some of the e.votie genera; (ov llor.i/i)/din, a 
Javan form, has capitulate head.s arranged in panh hs; ami hota.r, an 
Aiituretic genii.s, grows in a tufted manner, with imbricated leares and 
nearly se.s.sile umls Is, so a« to assume the outwanl appearance of some of 
the alpine .species Androstu c. The essential charui ter of the order lies 
therefore in ihe fruit, by which ihev are known from all other plants. Tlie 
structure and arrangement of the ridge.s and vitt.-e upon the pei-icarp, toge¬ 
ther with the form of the albumen of the ,sef-d.Turni.'h the clianu ters by 
which the Oriler is subdivided; the latter character, although formerly 
regarded a.s primiU'V, is now fomid to la- incoii.staiit. 

The relations of the ITiihellifrrie an i;lose.st with the other epigynou.* 
eiflone with definite stamens, espeendly Araliaceie (from which their 
fruit did'er-s), the Ilubiaceie (whieh Itave monoi>etahm.s eorolhus and op¬ 
posite leaves and inteqietiolar stipules), and the t'ornaceje (where (lie 
leaves are partly opposite, the flowers tetinmeroii.s, and the fruit succnleiit). 
In habit, a.swell.as in dicarpellary structure, .some of the rmbellifene 
apprbach the .Sa.xifragace!e. Jlie resomldances to (ierimiace.-e seein 
TStber superficial: Uie cariiophofe is of a very distinct character. 

Diatritmtion. —sVbundaiit in the northern ports of Knrope, A.sia, atid 
America; common upon the mountains ((f wumier regions, nml again met 
with in the .Southern hemisphiTe, but chiefly tis dwarf and alanniut 
fonns. ^ 

QuaUHce and TTae*.—Several distinct c.laasea of active secretions occur 
in the plants of this Onler, whjcli in some are cxtn>mely powerful, and in 
others sUgbtij developial. The most important cousist of acro-uarcotic 



CALTCIFLO&S. 


289 


poisonous substancps in solution in the watery juices; the second are 
f^um-resinous substances contained in a juice,belonging to epecial tissues, 
and becoming milky wlien exposed to the air; and the third are aromatic . 
oils produced in all parts of the tissues, but especially developed in the 
vittie of th(! pericarps. Many have the watery juices innocuous, and the 
gum-iv.sinous s(xretion mild, so that they become esculent vegetables, 
which are rendered still more bland when they acquire a more succulent 
condition tinder cultivation. The absence of light has a remarkable effect 
in pre\ i‘nting the development of the aromatic principles, as is seen in 
blanched garden Cehu’y tind other cases. 

A number of the poisonous kinds are indigenous, one of which, Conium 
Ma cuhlum, Htmilock, is in use in medicine as an anodyne. JElhusa 
Ci/napimn, IhioI's Pan-iley, is a comnum weed; Ckuta virusa, Water 
Hemlock, is not unconiuion (C. maodutu of North America is equally 
poisonous); (Juuodhr (roentn, Hemlock Dropwort, (K. I'/ielkmdrtiifn, Mid 
other .species arc likewise noted as poi.sonons, although they appear fo lose 
tlic property under certain circunistaiice.s. Aidhrimm sykestria ai«l mlgari», 
exlreimdy conininn aliout hedges, are said to be poivsoiious. Accidents 
occur from the rcsembhuiee of the foliage of tlie,se plants to Parsley, and 
of the roots of Oimndhe ainl others to Parsnepa. 

'I’lii' plants furnishing the anlispasmoJic gnui-resina are mo.stly natives 
of warmer ri’gions than th»! noisommi) kinds, and some doubt exists os to 
the exact .species which yield certain of the.<e substances. sVsafcet ida is 
beliexed to be denial from Fenda Arnfafida ^Persia and AigTijunsfah); 
Frndii jx'iwa pirobably funii.<lies .some. F. urkidulis ( Morotfbo) yields an 
iiiuilogous resin. »Sugnpenum is supposed to he obtained from another 
specie,of Jcrida. tluiii Aninionlaeum is from a IVrsiaii plant called 
Jhii'tuit Amiiiuiiiiiciini ai^'Dinchtiidiin yiimmifinaii. Upoponax is the 
resin of Pd.diuant Opojxiim.i {(’htromim). The source of Gum 
(iallauuiiujs .siippo.sed to be Fcndn yidhttnijhia. 

The tlavour of (Iglery (Ajdiim //rucce/c/w). Parsley (PvIrimlinKni sa- 
tiriniij, I'eniiel [Fo'iiindum ridyiirt'), . Vnge lii'u o^ciiiafis), 

Kryngo (Krytiyuim mardivtmn mid cqttq.i.sfn), of the Parrot ihatiai* Ca- 
roltn, and tlie I ’lirsue p ixilii K) depend (>n a volatile oil con¬ 

tained in the partuichynuitous tis.^iie,', «sp«eially of the rind and leaves; 
but this oil is more concfuitrated in ibe vittie of the pericarp, which ren¬ 
ders the fruits of these plants still iiutve powerfully aromatic, whence 
they are ofuui used for tbivouring in cooking; the fruits of the Caraway 
( Cariim Canii ).I)i 11 (,.HifM»m (jraradrim ),('mdimder( (Won</n<mifl?7r»W), 
Anise (Piiupimlla Aitimm), ('u min in (Cummiim Cymimim), and others 
arc especially valued for these easentinl oils. 

The raols of the Cnfiot and Parsnep, the root-of Atrticltaai rui'iiUvta 
(New (Iraiiada), the stem and petioles of ('elery, when renderi'd very 
succulent by cultivation, retain only a moilenite quantity of the aromatic 
oils, and are then ohielly valnalile for theit*saechanne and nuicilaginoas 
qualities. .Samphire, made into piekks, is Crifliviuni iimritimum, a species 
growing on mantime rocks. The roots of Chen il( Authn'^ug CenfoliuiH) 
^were formerly eaten. The tubers of the species of Jluntum are edible. 
Alu.vmiders (A’wij/niium Olusntrum) was formerly cultivated like Celery. 
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STSTBMAIIC BOTANY. 


Okder LXXIX. ARALIACE.iE, Th-e Ivy Order. 

Class. Discanthse, Midi. AH. Umbellales, Ziii^. Coh. Umbellales, 
Benth. et Hook. 

436. DiaffMsis. —^Herbs, shrubs, or trees, with characters resembliufr 
those of UmbellifersB, but usually with more than 2 stylos, and tlie fruit 
8- or several-celled, succulent or dry, with one albuminous seed in each 
coll. ♦ 

IlLUSTRATI™ OflNKBA. 

Panax, L. Hedera, L. Gunnera, L. 

Aralia, L. Adoxa, L. Ilelwingia, Wittd. 

AfflnltlM.—The Araliace.'C stand very close to the TTmbellifera!, but may 
be distinguished by the ovary having more than 2 carpels. Most of tluj 
plants have also a valvate ffistivation of the corolla, while it is imbricated 
in the Umbelliferse : there are some exceptions to the rule in the latter 
Order; and Adoxa is’an e.xception liere. Seemann separates as a distinct 
Order, under the name iloderoccjo,^ all Umbelliferous plants with valvate* 
petals and a frdit composed of two or more cai-pels. The true Araliads, ac¬ 
cording to this author, have imbricated petals. They are not so exclusively 
herbaceousa^ the Umbelliferfe, sonic being trees, and some climbing shrubs, 
which latter bring the Orijer into relation with the Vitacete. They are 
nearly allied to Caprifoliacem, which liave a nionopctalons corolla. Adoxa 
is remarkable for its <»tamensj which have a bipartite filament, each lialf 
bearing a separate anther-lobe; it also presents flowers with 4- and o- 
' merous porpllas in the same inflorescence. GuniiPi-a, an alxn-rant form, i.s 
in some caaes dioecious, has but 2 petals and stamens, and a 1-cellcd, 
1-seeded ovary ; G. scahrd is rogiarltable for its enormous leaves, as much 
as 8 feet in diameter, on stalks like those of Rhcam. Ilvhrintjia is nni- 
sexual, and is made a tj'pe of a distinct Order by Decaisne and otlicrs. 
Its flowers are collected on the midribs of the leaves or bracts, from the 
adherence of the peduncle, somewhat as in TiUa. Seemann includes 
in Ilederacere,; on account of their valvate, not imbricate, petals, Crith- 
mwn, Horsfieldia, some species of Ilydrucotyle, and some other plants 
u^ally Jilhced in Umbelliferae. 

• Dlstribiition.—A considerable Order, di^ributed throughout all climates, 
j and,in all parts of the world. 

, Qnalittes and Xlgee ,— Aromatic and stimulant. The root of Panax 
Ginsenyys highly valued by the Chinese as a stimulant; P. quinquefoUam 
ia exported to China from the United Stands as American Ginseng. 
Aralta nudicatdis (United States) is called Wild Sarsaparilla; A. racemosa 
yields an aromatic gum-re.sin. The astringent roots of Gunnera scahra 
are used for tannin;^ andthe fleshy leaf-stalks are eaten. The benies of 
Ivy (fied^a Hdix) are 'emetic and purgative. The ivuod of some of the 
Easfc-Indian species is resinous and aromatic. The substance called* 
■ Bice-paror, prepared by the Chinese, consists of thin slices of the pith of 
TOrdfamax'^^iftmm. 
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Order LXXX. COllNACEiE. The Dogwood Order. 

Class. DiscanthiB, ISndl. All. Umbellales, Lindl. Coh. Umbellales^ 
limih. et Hook, 

437. Hiaynosis .—Shrubs or trees (rarely herbaceous), almost 
always with opposite and exstipulate siinaje leaves; flpwers 
4-fl-merous, sometimes diclinous; the tube of the calyx adherent 
to the 1-2-celled ovary, its liml^lnunute; the petals (valvate in 
the bud), with as many stamens, inserted on the margin of an 
epigynous disic in the perfect tlowei-s; stjdo 1; a single anatro- 
pous ovule suspended from, tho top of each cell; the fruit bac¬ 
cate, l-2-8eeded (fig. 378); embryo nearly the length of the 
albumen, with largo and foliuceous cotyledons. 

Ilh'Sthative Gentjra. 

Benthamia, Lindl. | Cornus, Tovrmf. j Aucuba, Thunh. 

Afflhitles.—The chief distinctions from the Araliaceae lie in the inflo¬ 
rescence, the tetramerous structure of the flower, the usually opposite 
leaves, the 2-cnrpellBry ovary, and the,simple style; from Umbelliferte 
the first two characters divide them, together with the single style, and 
in most cases tho habit; Cnprifoliatsea' are distinguishable by the niono- 
petnlous corolla, llaloragacea; difliT in Imbit and distinct stylos, but are 
connected with this group through (iumera. 

Distribution.—A small Order, the members t)f which are natives of the 
teiniiernte parts of America, Burope, and Asia. 

Qualities and Uses.—The bark (jf various species of is esteemed 

as a tonic and febrifuge; C.Jiorida &c. are used in North America in 
jilace of Cinchona; Coruns sdiii/niiica, Dogwood, is a common hedge 
shrub. (’. masnda, the Cornelian Cherry, Irears fruit, which is now little 
esteemed. Aiwnha japonica, the variegated or “(!uba'’ l.^urel of our 
shmbbeiies, is the female form of a dimeious .lapauese plant, propagated 
in thou.'sinds by layers, but fill latelv never producing seeds, as the male 
plant was, till a few y(;nrs ago, vtnlinown in this country. Npw, how¬ 
ever, by artificially placing the pollen of tho male flotvers on the stigma 
of tho, female, or by the agency of insects, the Scai'let olive-shaped berries 
are produced in profusion; and in this way numerous, vaiieties nave been 
raised from seed. 


Fig. 378. 



Hipe fruit 
of Cornug. 
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Subclass 3. COROLLIFLOE^. 

438. Dicotyledonous Flowering plants having both calyx and 
corolla, the latter mono- or gamopetalous and springing directly 
from the receptacle; the stamens mostly adherent to the corolla 
(epipetalous), rarely free and arising with the corolla from the 
receptacle. * 

Similar anomalies to those noted undft: the other Subclasses occur in 
some Orders which, on the whole, are CorollitlorRl. Thus, among Ericaceie, 
the Suborder Vacciniem is properly Calycifloi’al, and the same thing occurs 
in ShTracacesB and elsewhere; among the Erieacem and Epacridacem we 
sometimes have the Thalamifioral condition, the petals being distinct and 
the stamens hypogynous. Jn Primulacem and Plumbaginaccie poly- 
petalous corollas occur, butwith'cpipetalous stamens; and also apetalous 
Bowers with hvpogynous stamens, which, strictly speaking, would be 
Monochlamyde6us. These (and many other cases might be noted) in¬ 
dicate the continual occurrence of “ cross relations ” between tlie groups 
of Orders, which render it verv difficult to arrange the Orders satisfactorily, 
and show that any linear series is quite artificial. 


Order LXXXI. CAPllTFOLTACE^. 

V, The Honeysuckle Order. 

CloM. Caprifoliaceai, Endl. All. Cinchonales, Lindl. Coh. Rubiales, 

* Benth. et Huuk. 

4-39. Diagnom .—Shrubs or rarely herbs, ndth opposite leaves and no sti¬ 
pules ; the tube of the calyx adherent to the ovary; the stamens a« many 
as (or one less than) the lobes of tjie tubular nr rotate epigynous corolla, 
and attached to its tube; ovary l-.5-celled, often with 1 ovule in one cell 
and several in the others ; style 1 ; stigmas .3 or 5; fruit indehiscent, dry 
or succulent, 1- or more-celled; seeds solitary or numerous; embryo in 
fleshy albumen. 

• Illustrativt. 0 enera. 

Linmea, dronov. I Diervilla, Tmirnef. I Viburnum, X. 

Symphoricarpus, Bill. | J.onicera, Btsf- | Sambucus, Tournr.f. 

Affinities.—This Order is usually subdivided into two .Suborders: 1.1.o- 
nicerete, with a tubular, regular or irregular corolla, a filiform style, and 
seeds with a dorsal raphe; and 2. Sambucem, with regular rotate corollas, 
3 sessile stigmas, and seeds with ventral raphe. It connects the niono- 
petalous Rubiacem, Loganiaceae, and their allies with the polypetalous 
ComaceoB and Umbelliferse. Through the Eacalhniea it is also connected 
with the SaxifragacesD. 

Distrlbntlon.—A considerable Family, distributed chiefly in the northern 
parts 01 Asia, Europe, and America. < 
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Qualities and Uses. —Some of the plants possess powerful purgative and 
emetic properties, as in the leaves of the Elder (Sambttcus nigra), of the 
Guelder Ro»e (Viburnim 0/nt/iw), the Common Honeysuckle (Zomcem ' 
Periclgiimiion), and Triostettm perfol{atu7n (North Amnnca). The finiits 
seem destitute of tliis property, that of our Elder and others being made 
into -wine; tlie berries of Vilmrnmn are eaten in North America; and 
those of Symphnncnrpus, the Snow-berry of our shrubberies, appeal; to be 
harmless. The fragi'ance and beauty of the flowers are marked characters of 
tlie Order. Uesidos I lonoysuckles, species of hoideera and Caprifolinm, the 
Elder, the speei(!s of Vilmnmtn ( V. Opulus,^own in gardens for its balls 
of white neuter flowers, V. Latitam, the mealy Guelder Hose, V, Tinus, the 
Laurustiuus shrubj, Aijmphorica^us, &c. are found in every shrubbery. 

'^RDER LXXXII. 11UBIACEJ5. The Madder Order, 

Class. Caprifolinceai, Endl. All. Ciuchonales, Lindl. Coh. Ilubiales, 
Henth. et Hook. 

440. Diagnosis. —Herbs, .shrubs, or trees,with opposite entire leaves 
connected by interposed stipules, or in real or apparent whorls with 
stipules resembling the loaves; the calyx adherent to the 2-4-cellod 
ovary ; the stamens as many as tlic lobes (3-5) of the regular epi- 
gynous .corolla, and attached to its tube ; ovules anatropal; embryo 
albuminous. 

Character, 

Calyx adherent, limb entire or 4-G-toothcd. 

Corolla mnnoi>otalous, regular, with a long tube, or rotate, its seg¬ 
ments equal in number to the teeth of the calyx. 


Fig. 379. 



Stamens equal in number to the lobes of the corolla, and attached in 
one lino upon it, alternately with them. 

Ovary inferior, usually 2-celled, with an' epigynous disk; styfe single, 
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sometimea slightly divided ; stigmas united or divided ; ovules soli¬ 
tary, 2 or many in each cell. 

Fruit splitting into two dry cocci, or indehiscent, and then dry and 
succulent, 2-ceUed, 2- or many-seeded; seeds, if definite, erect or 
ascending, or numerous on axUe placentas ; embryo in horny al¬ 
bumen. 

Illustbative Geneba. 


Subord.l. Steueata!. Intcrpetiolar 
stipules leaf-like, forming tfhorls; 
ovary tcith 1 seed in each cell. 
Galium, L. 

Kubia, Toumef. 

Asperula, L. 

Sherardia, Dill, 

Suhord. 2. Coffe.b. Stipules S7nall; 
ovary with 1-2 seeds m a cell. 
Opercularia, A. Rich. 
Goprosma, Forst. 

Spermacoce, L. 

Riohardsonia, Kuntlt. 
Cephalanthus, Z. 


Oephaelis, Stv. 

Psychotria, L. 

Coflea, L. 

Lvora, L. 

Florinda, Vaill. 

Guettarda, Vent. 

Subord. 3. Cinchonba5. Stipules 
small; ovary with mtmerous seeds. 
Iledyotis, Lam. 
llondoletia, Rl. 

Pouvardia, Salisb. 

Cinchona, L. 

Exoatemma, L. C. Rich. 
Gardenia, Ell, 


AttnfUes.— The Rubiacefp are often divided into two Orders, Cincho- 
nacese and Galiacese, or Stellntro, the latter including all the genera with 
large foliaceous stipules, or, as they are tenned, whorled leaves: the distinc¬ 
tion does not appear to be sufficient. The presence of inteqietiolar stipules, 
either small or imitating leaves, is the principal character separating this 
Order from Caprifoliaceie, where, however, Lindley observi's tliat tliey 
sometimes occur as monstrous growths. This Order also runs very close 
to Loganiaceae, being chiefly distinguished by its inferior ovaiw; the Loga- 
niacea; thus connect it with Gentianaceoe and the allied Corolhfloral Orders. 
The fruits of the Stellatea, and of some of the Coffeee, nearly relate them 
to the UmbClliferie ; from w'hich, however, they may be at once known 
by th^ monopetalous corolla. Opere^daria, an aberrant genus with a 1- 
celled; 1-seeded ovary, connects the Ordt‘rwith Dipsaceie; and the inflo¬ 
rescence of some kindsy as Ccp'ludantkus, Rirhardsrmia, See., approaches the 
condition of the capitula of that 6rdi'r and of Compositu;; while in 
Argyrophyllum Jhe staitiens are svngenesious. 

Dlatribatioii. —This is one of the large-st Orders. The Stellatee belong 
to the cool parts of the Northern hemi.sphere and the mountains of the 
Southern. The Cojfeeemdi Cinchoneee arc chiefly natives of warm climates, 
mo4t of them tropical. 

Qualities and 'Pges.-i-The Rubiacese fonp’ a very extensive group, and 
include plants with a considerable diversity of properties. Some are 
emetic and purgative; others febrifuge and tonic ; others stimulant and 
restorative; some are astringent; a tew have edible fruits; some yield 
valuaMe dye-stuffs; and frapant or showy flowers abound in the Order. 
Among the powerfully emetic platits are the Ipecacuan, the officinal sub- 
itance Ming thefcreeping rhizome of Cephaelts Ipecacuanha. Psychotria 
tmetiea forniahes » spurious kind ca^ed black or streaked Ipecacuan. 
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Richardsmia scabra and en^ctiea yield white false Ipecacuan. Chiococca 
deimfolta (Cahiuca root) and C. tmgmfvga have similar properties, ■which 
are shared by the genera Spermacoce, Manettia, &c. Most of the atove * 
plants belong to Brazil. The two species of Chiococca above named are 
regarded as specifics against snake-bites; their emetic and' purgative 
action is described as excessively powerful. Some species of Cephaelis 
and Psychotria are still more active, and are used as poisons for rats and 
mice in Brazil. Coffee consists of the seeds of Coffea arahica, two of 
■which are produced in a succulent berry. It is believed to be a native of 
Abyssinia, perhaps also of Arabia, but is now ■widely diffused in cultiva¬ 
tion ill the East and West Indies and Brazil. ■ The fruits of Qalium are 
said to boar some resemblance to Coffee when roasted. 

Cinchona, Peruvian or .Jesuits’ bark, is derived from several trees 
natives of the slopes of the Andes, at an elevation of about 7000-8000 feet, 
and many of which are now cultivated in India. The researches of Wed¬ 
dell, Ilow'ard, and others have deteimiiied the source of most of the kinds. 
Cinchona Calmiya gives Yellow or Calisaya bark : C. snccindrra, Red bark; 
C. nitida and micrantha, Grey or Iluaiiaco bark; C. Condaminea (var. vera'j, 
Croivn or Loxa bark. The bark of various species of Exostemma is 
known as false Chiichona. Species of Gwitardu, Pinckneya, Rondeletia, 
Uontnrea, &c. have similar properties. The extract of the leaves of 
Uncaria Gamhir is a powerful astringent, known as Gambeer among 
the Malays, and rupposed to furnish part of the Catechu of commerce. 

Among the fruits maybe mentioned those of Gc/iipn (Brazil and Mada¬ 
gascar), &ircocephnhi,e cmdcntm, the Sierra Leone Peach, kc. The berries 
of some Copronmee are eaten in Australia, and are called Native Currants. 

Of the dyes, Sladder, the roots of Rubin tinctunim (Europe), R. cor- 
dl/olia, Munjeeth (Bengal), R. Relboun (Chinn), and R. angustimma are 
the most important; OhlcnhnuUn mnbeUata, used instead pf Madder in 
the East Indies; species Mori tula, Psychotria, Genipa, Condaminea, kc, 
are of less importance. Giwttarda spcciosa furnishes what is called by 
cabinet-makers “ Zebra-wood,” from the WCst Indies. 

Among the genera noticed in the list above, are found many of our 
favourite stove-plants, noted, like Gardenia, for fiagrancc, or, like Ixora, 
for their splendid blossoms and handsome foliage, hfany species of Galium 
are common weeds ■with us, readily known by' their star-like whbrls of 
leaves and stipules. 


Order LXXXllI. VALERIA'NACIzE. 

The Valerian Order. 

Class, Aggregatse, Endl. All. Campanales, XtWl. Coh. Rubiales, 
Benth. et lIoo\ 

441. Diagnosis ,—Herbs with opposite simple or compound leaves 
and DO stipules; the tube of the calyx adherent to the ovary, which 
has 1 fertile and 2 abortive or enapty cells; the limb obsolete or 
forming a pappus; corolla epigynous, tubular,i3-6-lobed (lobes im¬ 
bricate), sometimes spurred at the base; stamens 1-5, distinct, 
fewer than the teeth of the CQyoUa, attached to its tube, alternate 
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with tho lobes; seeds solitary, in the fertile eell of the dry, indehis- 
^ eent, sometimes pappose fruit, pendulous, exaibuminous; radiele 
superior. 

iLLITSTHATm! CtENKHA. 

Fedia, Mcsrwh, [ Centranthus, DC. ( Valeriana, Neck. 

AtSnltles. —Tliis Order approaches Dipsacere in General structure, some¬ 
times bavin" involuerate inflorescence; hence it is also related to Com¬ 
posite, Campanulaceie, &c.; but the peculiar structure of the ovary is a 
very marked character, and the seed of Dipsacem is albuminous. The 
development and unrollin" of tho pappUs of Centranthus and others, duriiifr 
the ripeninpf of the fruit, is very-singular: the corolla is surrounded by a 
thickened ring, which subsequently (mlarges and e.vpands into a crown of 
■feathery processes. 

Distribntion, —An extensive Order, the members of which are distributed 
throughout the temperate parts of I'lurope, Asia, and America. 

Qualities and Uses. —Many of the plants have strong aromatic properties, 
whence they 'are used as antispa-smodic and tonic remedies. Vakriana 
offlcmalis, Phu, celticn, and Saliunca are all used; V. sitchensis, from 
Kuasian America, i.s said to be the most powerful. Narilnslachi/s .Tatamansi 
(India) is suppo.sed to be the ancient Spikenard. P'rdia or Vakrianella 
oUtoria is cultivated for salad, under the name of Lamb’s Lettuce. Chi- 
tranthm rtiber, a showy plant, with abundant cymes of smnlj rose- 
coloured flowers, is found in most gardens, and is natimilized in Kent. 


Order LXXXIV. DIPSACEiE. ^he Scabious Order. 

Class. Aggregatao, Eiull. All. Canipanale.s, Lindl. Coh. Compositales, 
lienth. ct Jlook. 

442. Diaf/nosis .—Herbs with opposite or whorlcd h-aves, no stipule.s; the 
flowers in dense heads surrounded by an involucre as in Compositro ; the 
separate florets surrounded by special membranous involucels; calyx 
adherent, limb pappose; corolla epiirynous, tubular, mostly irregular, 
4-5-lobed, in.serted on the calyx, imbricated in mstivation; stamens 4, 
sometimes half barren, attached to the tube of the corolla; anthers di¬ 
stinct; ovary l-celled, with 1 pendulou.s 'ivule, simple style and stigma; 
fruit indehiscentiy seed albuminous; radicle superior. 

Illusthative Oenkka. 

Dipsacus, Tmirnef. \ Scabiosa, Bmn. et Schult. 

Affinitief.—Nearly related lo Valerianaceife on one hand, and to Com¬ 
posite on the other; distinguished from both by its involucels and albu¬ 
minous seed; from Compositm especially by the distinct anthers and 
pendulous seed. 

Distribution. —The species number about 160, and are found most 
abundantly in Southern Europe and North and South Africa. 

Qnalities and Uses.—Some are said to be astringent. The Teazel, 
Dipsacus fuUonuntj a large Thistle-like plant, is of' great importance, its 
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dried capitula being used to comb up the nap on cloth, the hooked bracts 
not tearing the stuft' like metal instrument. Many species of Scabiom 
(Scabious) are cultivated for their beauty; two small-flowered species ar^ 
natives of Ilritain. 

(Calyceuace.® are a small Order of South-American plants, interme¬ 
diate between Uipsacem and CompositEe, having the pendulous albiuninous 
seed of the former, and anthers coherent below and flee above, so os to 
approach the syngenesious character of the latter Order. Properties un¬ 
known. Genera: Buopis, Juss.; Calijcera, Gav.). 


Okdeb LXXXV. COMPOSITyE or ASTERACE.^. ^6 

Class. AggregatiB, JSndl, All. Campanalos, Lindl. Coh. Oompositales, 
Benth. et Hook. 

443. Diagnosis .—Herbs or half-shrubs with the flowers in dense 
heads (capitula) upon a common receptacle surrounded by an invo¬ 
lucre ; stamens 5 (rarely 4), inserted on the coroUa, and with their 
anthers coherent into a tube surrounding the stylo; ovary inferior, 
l-eclled, with 1 erect ovule; seed exalbuminous. 

Character. 

Capitula at the extremity of an enlarged peduncle surrounded by an 
involucre of bracts, and bearing perfect and imperfect florets closely 
packed, all similar, or of two kinds, those of the centre or disk and 
those of the circumference or ray; florets often accompanied by 
membranous scale-like bracts {jpalem). 

Caly.v adherent; limb obsolete, entire, or iii the form of a circle of 


Fig. 381, 



Fi(j. 380. Tubular floret. Fig. 381. Lignlate floret 

Fig. 382. .Syngenesious stamens and pistil of Composito): a, in the natoral position; b, the 
tube of nnthors 0 ]K*nt‘d. 

Fig. 383. Liaear stigmas of Compositie. 

0 6 
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scales, bristles, or feathered or simple hairs {pappus), which is 
often persistent. 

^Corolla monopetalous, opigynonSj tubular (fig! 380) and funnel- 
shaped, or ligulate (fig. 3S1), or bilabiate. 

Stamens 5, alternate with the teeth of the corolla ; jilamenh distinct; 
anthers cohering into a tube round the style (fig. 382). 

Ovanj inferior, 1-celled, with 1 erect ovule; stifle simple below, 
bifid at the apex, with a distinct stiffmatic surface on each branch 
(figs. 382 & 383). 

Fruit a cypsela (figs. 384—380), indehiscent, with 1 erect exalbumi- 
nons seed, often crowned by the pappus. 

Fig. 384. Fig. 380. 



. This extensive Order is divided into three Suborders. 

1. Tubuhfior. 1 ;. Florets all tubular and perfect, or only those 
of the centre (dish-) perfect, ^vhilc those of the circumference are 
tubular or ligulate, and female or neuter below its brunches. 

2. LABUT.s:FLoa.E. Florets with bilabiate coroUns, perfect or uni¬ 
sexual. 

3. LiGniiFLOR 2 E. Florets all ligulate and perfect; juice milky. 

iLLUSTBAXrVR Gf,NERA. 

1. TtJBCr.rFLOHJB. 

Tagetes, Toumef. Calendula, JVcci. 

Anthemis, 1)C. XeranthemunnTfwm^. 

Anacyclus, Pers, Baussurea, DC. 

Achillea, Neck. Anjtium, L<im, 

I’yrethrura, Gartn. Oarlina, Tmirnef. 

Ohiysanthemum,^C. Centaurea, Less. 
Artemisia, L. Cnicus, Vaill. 

Qnaphalium, Dm. Carduus, Geertn, 

Arnica, L. Serratula, DC. 

Senecio, Less, 


TussUago, Toumef. 
Aster, Nees. 

Beilis, L. 

Solidago, L. 

Innla, Qesrtn. 
l^hlia, Cen, 
'SmatSfL, 

Badbe(4^i'< 

£, 

Bvi»aat $i ■ 
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Baraadczia, L.Jil, . 
Mutisia, L.Jil. 


2 . Labiat^flob^. 

I Printzia, Cong. 

I Anandria, Siegesb, 


Nassavia, Commers. 
Trixis, P. Br. 


3. Liochfloe^. 

Cicboriuni, Tournef. Tragopogon, L. Taraxacum, 

Ilypocliffiria, L. Sonchus, L. Crepis, L. 

Lcontodou, L. Lactuca, L. Ilieracium, Toumef. 

—This Order, which is the moat numerous, and, by some 
autliors, regarded as tlie most perfect in the Vegetable Kingdom, is like¬ 
wise veiy natural, its distinguishing features being very evident in almost 
every genus. Prom its nearest allies, Dipsaceic and Calycerocese, it may 
bo distinguished by the condition of the anthers and the ovule. The 
svngcneaioua condition, and, in some measure, the general structure of the 
tforcts, ligalate and tubular, indicate a near relation aUd to Lobeliace® 
and Oampanulaceoi, wlu^ndn, however, the flowers are not only large and 
scattered, but the ovaries have more than one cell, with many seeds in 
each cell. 

I'he subdivisions of this Order are diflerently given by different authors. 
The Orders of the Linnean Chuss Syngenesia, corresponding to Compositae, 
are given in the Table of tlm Linnean Ulassificatibu (page 186). Tubuli- 
ttora;, as nbo\ i' given, include the Corj'inbifeiSB of some authors, in which 
tlio style of the pcudect flowers is not swollen below the stigma, and the 
Oynar'eto, where the outer florets are often neuter and the style is swollen 
below the stigmas. The tribes of the Composite usually "accepted are 
those established bv De Candolle on the condition of the style and its 
stigmntic lobes. Tlie charactera of the genera are chiefly derived from 
the conditions of the involucre, the cypsfdous fruit, and the pappus. 

Distribution. —The species of tins Order are more numerous than those 
of any other family, and are universalh' distributed, forming one-eighth of 
the Phaneroganiia of Central Europe;' the Tuh>^iJlor<^ are mo,st abundant 
in hot elimatos, the ('ichoraceff in ctdd. The Labiatajlorte belong almost 
entindy to e.xti’atropiral South America. In the Northern hemisphere 
tlie Coiupositio are all herbaceous; in South Amerita and some other 
parts of the southern hemi.sphere they are .sometimes shrubby. 

Qualities and Uses. —The plants of this Order are uot generally charac¬ 
terized by any very powerful properties: bittoniess is the prevailing 
quality, accompanied by' aromatic secretions in the Corymhiferee, and by a 
special lactescent juice in the Vtclioracea;, which often contains a more or 
le.ss active narcotic principle. 

Among CurymbiferiB may be noticed a number of genera possessing 
considerable importance. The Aii'emw<e, or Wormwoods, are numerous; 
A. Absinthium and pontica nre Wormwo ods proper, and with some other 
species are used not only as antheTniintics, as their name indicate.*, but for 
prenaring the bitter liqueurs called Absinthe or Wemiuth; A. Bracunculus 
18 the Tarragon, the leaves of which are usfed in salads and pickles; A. 
AbrotfimiDtik Garden Southernwood, used also for its bitter flavour. Most 
of the other species have similar properties $ the floweri-heads of .4. Contra, 
Sieberi, pauct/loraj Vahliana, &c. are known on the Continent, under the 
name of Semen Cinie or Semen Contra, as powerful vermifiiges. • A. <Ai- 
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we7WM furnishes jroxa. Anthcmis nohilis, the Camomile, Matricaria 
Chamotnilla, aud Pi/rethrum Parthenium are valued for aromatic bitter 
^jToiiic properties'; 'the species of Achillea are astringent, or in some 
cases pungent, which is still more the case with Anucyelas Pyrcthrum, 
called Pellitory of Spain, and A. o^cinumm, the dried roots of which 
provoke an active flow of saliva, and are used as a remedy for toothache: 
in a fresh state these roots are acrid; and this is still more the case with 
Maruta ftctida. Ar nica g nmtana, a plant of the mountains of Central 
Europe, is uarcotic-acruTand poisonous, except in small doses; its tinc¬ 
ture has a powerful influence in exciting the cireulatiou beneath the 
skin without producing vesication. Doronicnm Partlaliauches is said to 
have similar properties, as also some specieSiof Inula ; Inula Ilclcniuui, 
however, is merely aromatic and- tonic; It is known under the nanu? of 
Elecampane. 

Some species of Eupatorium, including our native E. cnnnabinvm, are 
emetic and purgative; E. Aijapnna (Brazil) has a repuhition as a local 
and internal application for snake-bites. ^I.nticn is said to bo obtained 
from E, glutino-aim, though most of it is the produce of Artanthc elonijata, 
a Piperaccous plant; its leaves are used as a styptic. 

The seeds of some of the Curiimbifcrce contain much fixed oil. The 
seeds of the Sunflower (HclimUhm aniiuu.t) are well known on this 
account; and Madia KOtiva (Chili) Inns become an object of cultivation in 
France and (lennanv for the sake of the oil expressed from its seeds, its 
“oil-cake"' being also valuable for cattle. The esculent tubeiv called 
Jerusalem or Giramde Artichokes are furnished by flcliaidlim tuberosum ; 
the analogous 1111x019 of the-Dahlia (Dahlia oarinbilis) are not available in 
this way on account of a strong and unpleasant flavour wliich exists in 
them. Tumlayo Farfara, or Coltsfoot, which is mucilaginous and bitter, 
was formerly in repute for affections of the chest. 

■ The Cynurece, or thi.stlc-like Compositic, are equally varied in the 
concentration of their qualities. The root of CarKua ucuuUk is said to be 
a violent purgative, and that of C. yummifera is known as an anthelmintic. 
The Burdock (Arctium Lappa), the Marigold ((’olciuhda ojficiiudie), Cm- 
taurca Caleitrapu, and other allied plants were formerly esteemed lus f<;bri- 
fuges, diuretics, aj^d alteratives, but hav'e gone out of use. The t-'ostu.s. 
celebrated by tjie ancients for it.s virtue.s, is .supposed to be the root of 
Aurklandia Codua (Cashmere^. Uarthamua iiiuhiriu-^, Safflower, is used 
in dyeing and in the manufacture of true rouge ; the flowers of Calendula 
officinalis are used to adulterate .'^affrou. Serratala tincturia is also used, 
in dyeing yellow and green. Tin; (Bobe .Artichoke is the fleshy receptacle, 
with its bracts, of Cynara Srulyinu’,; Carduons are the blanched stems 
and petioles of Cynara Cardunculas. 

The Lahiutceflorce are .sometimes aromatic, bitter, or mucilaginous. The 
leaves of Printzia aromatica-nre used as a Tea at the ('ape of (loud Hope; 
those of Anandria disooidea an? u.sed by the Chinese as the Coltsfoot i.s in 
Europe. h 

The Ciehorace^;^nc\n6i& s»;vcral',plnnf.s of note: the dilTcrent kinds of 
Lettuce, L (pitMa mr osa, Scariola^ sqtica (the Garden Ivettucc), contain a 
milky juice wlifcJ»Bas narcotic properties; when evaporated to drvnc.“s it 
forma a'kiiid of gum, called by aruggi.sts Lactucarium, which is occasion¬ 
ally used BB.a fledatiye. The Garden Lettuce loses much of its bitterness, 
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and, at the same time, of its narcotic properties, in cultivation. The 
Dnndelion, Leontodot^ Tunuaaiiin (oi Taraxacum Dent Lemit), has also a 
niilkv juice, which is vulueil for its medicinal properties as a diuretic and, 
alterative, with some sedative qualities; its roots, and still more those of 
Chicory or Succory ( Cichoriuni Intyhim), are used, roasted, to- adulterate 
collee. llesides the liuttuce we liave other esculent veg^etables in this 
Suborder: Cichnrium Endirinm furnishes the Salad Endive (blanched by 
exclusion of li;rht); Scorzonera is the root of Scorzonera hitpantca, other 
species of which aroused in like iiinnner iu different countries; Salsafy 
is the root of Traijopoyon pornfoUm, or Goat’s-beai-d. 

The Compositio include a vast number of cultivated plants. The Dahlia 
(I), rnriahihs), the Chrysantliemiiui (Pi/rethnim eiiienw, indiewn), the 
Cinerarias (Henecio cnientn, Tustilttyluit^ Heritieri), the China Aster(CW- 
listeiniHii kortmte) are florist’s flowers remarkable for the number and 
beauty of their varieties. The Kverlastin;r-flowers, or Dii/iioHelles, are 
mo.sfly species of OiiapfiallHin, toi'ether with Ileh'c/in/xiim, Aphelexis^ &C. 
Cur native 'I'histles are .species of Cardans, Onapordain, iStc. 


Okdkk LXXXVI. LOHELIACE.-E. 

Class. Cain])anuliimi, Eiidl. All, Cainpanales, Lindl. Cuh. Campanales, 

. lienth. ct Iluok, 

d M. Diaijnasis .—Herbs or shrubs with a milliv juice, alternate leaves, 
and scattered flowers; ciTolln irreeulur, (‘pie-ynous. monopetalou.s, split 
down to the base on one .“ide ; the o stamens.free from the corolla and 
iiniteil into a tube, often by tlieir filaments, and always by their anthers; 
ovary inferior, l-.‘i-celled; style 1; stipma :l-lippcd, surrounded by 
fringe of hairs; seccLs numerous, albumiuous. 

Ii.i.r.sniATivE Genkk.v. 

Lobelia, L. ) Siphocampylu.s, Pohl. 

AfflnUtes. —The relations of this Order to (’omposita) are close, as is 
seen when we com])arc the flowers with ligtdate. florets of the Cichoructae : 
till- structure of the ovary, however, as wcdl a? of the inflore.scence, divides 
them. With Cnnipanidace;e they are connected through the tubular 
florets of Composif.-n, w'hicli ri'semble the tlowm-s of Canipamdaoe.a'. except 
in the structure of the ovary, which brings the Canipannlacea. still nearer 
to Lobelinc('ff!. 'riie fring-i! round the .stig-ma is analogous to the hairs of 
the stvhj of Campannhiceu'. mid perhaps also to tin' indusiiun of Goodc- 
niaceie. Some I.obelincea' have their petals distinct. 

Dfstributlon;—A rather large Order, tho members of which arc chiefly 
distributed throughout tropical and stibtropical regioits. 

Qualitlos and Uses.—The milky juico is acro-narcotic; the species of 
Lohi'Ua are more or less poisonous,qirodiieing effects analogous to those of 
'I’obncco. Lohellu iiijiafa is tised in small tloses for spasmodic a.sthinn; it 
acts sometimes a,s an hmetic, but produces great depression of the pulse, 
perspiration, and, in largo do.ses. death, ^fost of the species are aeiid vyhon 
'mMh; L. itrctts produces vegication of the skin. 'Tapn (Chili) yields 
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a violent poison. Isotoma longiflora is vesicatory, and, taken internally, 
produces death from violent and uncontrollable purging. The milky 
t juices contain Caoutchouc. Many species of Lobtiia and Siphocampyhu 
are cultivated for their showy flowers. 

(Gooheniace.* constitute an Order of plants allied to the Lobeliaceie, 
the Stvlidiacefe, 8md the Campanulaceae, out especially distinguished by 
the remarkable structure of the upper part of the style, which is expanded 
into a kind of cup or pur.so, concealing within it the stigiuntic surface, end 
closing over the pollen after fertilization. Most of the Goodeniacew are 
Australian and Polynesian; a Sctrvola occurs in North-western India and 
in .\fricn; another genus, St'llieni, is South-American. Their properties 
are unimportant. Lenchemiultia formom, ceerulea, and other species are 
cultivated on account of the beauty of their flowers.) 

(Brun'ONTAce.®, consisting of two species of Australian plants, 

agree with (toodeniaceie in the structur*! of the style, but are sometimes 
separated from them on account of the superior position of the ovary. 
Their capitulous inflorescence approaches that of Composite. They have 
no known properties.) 

(Stvliduce.e constitute a small Order of plants related to the floodc- 
niacese and the ('ampatiuJacete, but are di.stitiguished by and remarkable for 
the gynaudrous structure of the flower.s, tliti Mlaments bein^ adherent to 
the style into a column sunuounted bv the anthers Vhich overlie the 
stigma” This column exhibits the irritability met with hero and there in 
Flowering Plants ; in Stylidium it hangs over on one side of the flower; 
but when touched it rises up and* springs over to the opposite side, at 
the same lime opening its antners and scattering the pollen. The Stijliilia 
are chiefly from .-Vustralia: a few others are scattereil in the Kivsl Indies; 
the For-iterte belong to New Zealand and the Straits of Magellan. They 
have no known properties.) 


Order LXXXVII. CAMPANULACE.E. Bei,l-flower.s. 

Class. Cainpanulinte, Fndl. All. Oampanalos, Lindt. Coh. Campanales, 
Benth. et Hook. 

445. DiarjnosM .—Herbs with a milky juice, alternate leaves, and 
mostly scattered flowei's; calyx adherent to the ovary; coroUa 
regular, epigynous, bell-shaped, v.alvate in tostivation; stanieus 5, 
free from the corolla, mostly distinct or coherent just below the base 
of the distinct anthers; ov.ary 2-5-cellcd; style 1, hairy; stigma 
simple or lobed; cajBule many-seeded, dehiscent by lateral orifices 
or valves at the top; seeds with fleshy albumen. 

sf. Iu,USTIlATXVTi GeNEBA. 

Jasione, L. 1 Phyteuma, L. 

Frismatocarpus, A. DC. | Campanula^ L. 
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AfltoiUM.— The Canipamilacese have many points of agreement with 
the ('omposit®, tlie^tlowers resembling the tubular florets of that Order 
in the corolla, inferior position of the ovary, and number and position of 
the staiuena; but the anthers are distinct or only united at the base, and 
the ovary is more than 1-celled, and contains many seeds; in Jasione and 
Vhytemna the flowers are in capitula, almost like those of Composite. 
Th(?y are only separated from Lobeliaceto by the regularity of their 
flowers, the globular (not elliptical) pollen-grains, and the peculiar hairs 
of the style; which points of structure likiovise siiparate them from Goo- 
deniaceie and Stylidiacem. On the other hand they approach Vaccintecs, 
from wliich they differ in the number of the stamens and their porous 
dehiscence, the style, and the habit. 

Distribution.— A large Order, the members of which belong mostly to 
the temperate part* of the ^Northern hemisphere. 

Qualities and Uses. —The milky juice has properties analogous to that 
of till! (himpositie, and is sometimes rather acrid; but the young roots and 
shoots, espeeinlly when cultivated, are often edible; Itampions are the 
roots of Cumpanuhi Ifapti/in/liiK; Spntihirid Sjurulmn and other species 
have been used in salads. The CampmivUm, commonly known as Canter¬ 
bury Hells. Jlair-bells, Ac., are numerous in cultivation; and other genera 
have also haiid-some flowers. 


OiiuEii LXXXVIIl. ERICACEAE. The Heath Order. 

. f . 

Claim. Jllcoriios, Emil. All. Ericale.*, Limll. Coh. Ericales, Benth. H 

Hook. 


4-10. jyiar/noms. —Shrubs, or smiiotimoa herbs, with regular or 


lu'arly regular tlowcr.s; oorollii gamo- or 
polypetah'Us, hvjiogyiums or ei>igynous 
( Vaeciniiun) ; Stamens as many, or twice 
as many as the petals of the 4-o-lobed or 
4 -')-petalous corolla, free from tlu' eorolhi, 
hyiiegynous or cpigynons; anthers 2- 
celled, commonly with appendages, and 
oiieiiing by terminal chinks or ixires 
(tig.s. 388, 380); stylo 1 ; ovarj’ 3-10- 
celled ; seeds small, umitropous; embiyo 
small or minute, in fle.sliy albumen. 

• 

The Ericaccffi are divisible into four 
very distinct Suborders, which arc some¬ 
times ranked as Orders. 


Fig..m Fig. 389. 



Fip. Flower of "Erim. 

FiC- Stjimen of FWeff, 

Fig. StAUien of rtJcawtKm. 


1. Vacciniea:. Shrubby, or more or loss woody herbs, with an 
adherent calyx, monopetalous epigynous corolla, cpigj’nous stamens, 
2-partcd anthers opening by pores, containing 4-nato pollen-grains; 
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tho inferior ovary becoming a berry surmounted by the toeth of the 
calyx. 

' 2. Ehicixej:. Shrubs or small troas, with a free calyx; a mouo- 
potalous or polypetalous corolla springing with tho stamens from 
the receptacle ; anthers opening by pores. 

3. Pi'ROLE.E. Woody herbs with evergreen foliage ; calyx free ; 
corolla of 5 distinct hyi)ogynous petals; stamens hypogynous; 
anthers porous; seeds with a loose cellular testa and minute 
nucleus. 

4. Moxotrope-1!. Fleshy herbs with seale-liko leaves, destitute 
of green colour; calyx free ; corolla mono- or polypetalous ; stamens 
hypogynous; pollen simple. 


Illustrativk Genera. 


1. Vacci.vie.e. 

0.\ycoccus, Totirmf. ] Vaecinium, Z. 


2. Ericink.I';. 


Tribe 1. ERICE.®. Fniit loculi-\ Tribe 2. ritionoDENnnEA;. Fndt 
cidal, rarely wpticklal or baccate; j rapnalar, sepficitlal; bmU scaly, corn- 
buds naked. like. 


Erica, L. 

Andromeda, Z. . 
.Vrbutus, Tonrnef. 
-Yrctostaphylos, Adans. 


Azalea, Z. 
Uliododeiidrou, Z. 
Ledum, Z. 


3. Pyrole-E. 

Chimaphila, Fursh. j Pyrola, Tonrnef. 


4. !MoN()'rR<)i‘K.E. 

3Ionotropa, Kult. [ Schweiuitziu, Fll. | I'terospora, Futt. 


AfflnltlMi—The .Suborders brought together under this head are con¬ 
nected by the general plan of structure , but tho details are subject to 
wide variation, in^ only including- monopetalniis and polypetalous con¬ 
ditions, but even hypogynous and epigynoiis. My many authors thestf sub¬ 
divisions are ranked as distinct Orders. I’lie Vaccinmc, with their 
inferior ovary, stand, if separated, among the epigynous Galyeitloral 
Orders, near CampanulucefH <ir Ginchonaceie; cnnsefpnuitly they form a 
connecting link between the ^(lalyciriorals and t’orolliHorals, indicating 
the artificiality of this divi.-^iou; they even appear related to the jierigy- 
nous Calyciflorals by Escalloniece in Saxifragacete. The Fricineec diilor 
from the Vncdniecr. principally in the superior ovai-y and hypogynou.s 
corolla; and the stamens are here nearly it imt quite hypogynous, which, 
with the many-celled ovary, divides them from Gentianacem and allied 
ftrders. Tho Ericinece are nearly allied to the Epacridacem; but tliose 
have 1-celled anthers. Tho Fyrolcce have the sepals and petals more or 
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less distinct, are more herbaceous in habit than the foregoing, and their 
seeds are reniarkabl}* ditiereiit; P. uphylia, a plant devoid of green colour, 
and with leaf-sciiles in place of leaves, connects this Suborder with Mono-* 
tropecc, -which, however, ditler in the dehiscence of the anthers, and in 
having the minute embryo at the apex instead of the base of-the fleshy 
albiimeu. Some doubt exists whether the last Suborder are really para¬ 
sitical plants: they grow among the flbrils of the roots of trees, and have 
all the appearance of parasites, but, with Puchartre, we have never been 
able to see any union in Monotropu. In the eharacter of habit they re¬ 
semble (trobanchaceiv; but we do not consider this a strong sign of 
atlinity in Flowering plants. 

Distribution.—A large Order, the members of which are generallv diffused 
in tempernti! climattis over heathy' and boggy tracts, in subalpine and 
alpine localities, all over the world—the Ithodaitemlra especially m India, 
and the lii faricc in South America. Kemarkably abundant at the Cape 
of (tood Hope. 

Qualities and Uses. —The general character is astringency. The fruits of 
various Vtircinifcr and Envete arc edible—as O.n/aicciis pahidrii and 0. 
vKirmcarpn (tin* European and North-Ainerican Cranberries), Vvccinium 
Miirtillui (the liilberry), I'. Vilix~ldim (the lied Whortleberry), and V. 
uliyiiHimm (the Illack AN'hortlebi'rry), G'milihcrlii prorimibeiis, (i. Impida 
(Tasmania), &c. But tithers are dangeriais or even narcotic poisons, and 
this 1 ‘xtenas to the foliage of such kinds, e.speciallv .species of Rliodo- 
(h-mlroH, Azukd, AmlromviUi, Etiliiilii, iVc. Fva-Ursi leaves, HrefostapAy- 
lon reu-l.'rsi, are niixcsl with T'obacco by the North-Ainericau Indians, 
and ar(! ei»teeined as astringents; those of some 7)/r»/tw, ns C/iimapftila 
iniiMlala, .American Wintergreen, ate used ns diuretics. Oil of Winter- 
green, known as an nntispasmodic ng(>nt, and used in perfumery, is 
obtained from the fruit of Gaiilt/irria proaimhcnx. A vast number of 
s])ecit‘s of Erica, llhoihidcmlruii, Andca, kc., with numerous varieties and 
hvbrids, are objects of cultivation on account, of the peculiarity and 
beauty of their flowers. 1’hey especially constitute what are called 
■* Ami'rican Plants ” by gardeners, the American Ithododvndra, Az(dca, and 
Kidmifc, kc. being tho.se which first strongly occupied the attention of 
florists. Some of tin; East-1 ndiuu E/wdodendra are epiphytes. 

(Ei’.tciiinACK.v: are closely relati'd to Ericaceae, but are distinguished 
by the one-cell(Hl anthers opening by a chink; the filaments are also 
commoidy adherent to the condla. The Order is commonly divided into 
two Tribes: 1. Styplieliea;, with one ovule in each cell of the ovary, and 
fleshy fruits; and 2. hmacreic, with numerous ovules in each cell of the 
ovary, and cap.sular fruit. They are peimliar to .Viistralia, the Indian 
archipelago, and the South-Sea Islands, occurnng in great abnudauce, in 
the same way as the Ericetc do at the Cap^ of Good Hope. They do not 
n])pear to possess any active properties: many of them bear succulent 
berries; and some of them are eaten, as. tho.se of Limmthe sa/nda, Adro- 
loma hunilftmttn, the Tasmanian Cranberry, &c. Many of the Epacri- 
dacece are in cultivation on account of the beauty of their flowers.) 
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.Ordeb LXXXIX. OLEACE^. The Olive and Ash Order. 

Class. Contort®, JSndl. All. Soknales, Lindl. Coh. Joaminales, 
lienih et. Hook. 


447. Diagnosis .—Trees or slirubs with 
opposite and pinnate or simple leaves; 
flowera witli a 4-cleft (or sometimes ob¬ 
solete) calyxa rej^iilar 4-(!left or nearly 
or quite 4-divided, bypogynous corolla, 
the lobes of which are valvate in the bud, 
or sometimes apetalous;' stamens 2-4, 
mostly 2, and fewer than the lobes of the 
corolla (tigs. .300, .301); ovary 2-celli'd, 
with 2 suspended ovules in each cell; 
fruit fleshy or capsular, often 1-seeded 
by abortion; seeds with abundant fleshy 
albumen; radicle superior. 


Kg. 300. Fig. 391. 



te 


Fig. 390. Diamm of flow er of Lilac 
(Syrinijii)-. X, bract; o. o, 
braeteolea. 

Fig. .391. Flower of Fraxinxtt. 


ILLU.STBATIVF. CiK.VERA. 


Tribe 1, Oi.EJE. Fruit fleshy, 
Olea. Tuumef. 

Phillyrea, flournef. 
Ligustrum, Touriief, 


Tribe 2. Fn.txiNF.A!. Fruit dry, 
sometimes samaroid. 

Fraxinus, Touruef. 

Ornus, Vers. 

.Syringa, L. 


AfSnltlM.—The relations of tbi.s Order are rather obscure. Some authors 
connect them with the .lasniin.ace,®; but although some of the genera 
approach that Order in structure, they appear to be distinct in their 
valvate corolla, adnato (dorsitixed) anthers, pendulous ovules, and the. 
nature of the albumen. The .Salvailorace.-e are al.<o to be reganled as a 
neighbouring family. Lindley thinks the Order allied to Solanaeeie. 

Distribution. —.\ small Order, the inenibcrs of which are chiefly found 
in temperate climates. 

Qualities and Uses.—The most important plant of the Oilier is the 
Olive (0/«a europaa), so largely cultivaLi d for the bland oil expressed 
frx>m the fleshy pericarps. Ornus enropa-a, O. rotundifo/ia, and Fra.r{nus 
excelsior have a sweet juice which hanlen.s into the substance called 
Manna. Fraxinus exeehior is the conimwi .\sh-trec. so valuable for its 
tough wood; it only produces Manna in a u-nrnier climate than llritain; 
its bark, as well as that of the Olive and the tiarden fdlac (Syrinya vul¬ 
garis), has decided febrifuge /pialilies. The leaves of the Ash act like 
senna. The flowers of Olea frayrans are usial in China to flavour Tea. 

This Order contains several of the commonest flowering shrubs of oiir 
gardens, the Lilac (Synnya), Privet {Liyustrum), Phillyrea, Chionan- 
thm, &c. 
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Order XC. JASMINACEiE. The Jasmine Order. 

Class. Contortae, Endl. All. Echiales, Litidl. Coh. Jasminales, 
lienth. et Hook. 

448. Htaf/tiosts. —Shrubs, often with twiniii? stems; leaves opposite or 
alternate, mostly compound; calyx and coi olla hypogynous, 6-8-parted, 
corolla imbricated in the bud; stamens 2, projecting from the tube of 
the corolla; ovarj’ superior, 2-lobed, 2-celled, with 1-4 erect ovules in 
each cell; fruit a berry or capsule; seeds with little or no albumen. 

Illustrative Genera. 

Jasminum, L. j Nyctanthes, Juss. 

Afflnltlea.—This Order is distinguished from the Oleaceae by the im¬ 
bricated mstivation of the corolla, the erect ovules, and the small quantity 
of albumen in the seeds, besides the number of the organs in the floral 
envelopes, which is seldom a multiple of the stamens; most authors place 
it near Oleacea', others near Apocvnaceae and Ebenacem; but Lindley 
thinks it has little connexion witb them and really approaches more 
closely to Verbi'uacoa>. 

Olstribntlon. —The Order is not very e.vtensivc; the major part of the 
plants are East-ludian ; a few occ\ir scattered, two even in South Europe. 

Qualities and Uses. —The leaves an<l roots appear to possess a certain 
acridity; but the most remni'kabh; qiinlity is the fragrance of the flowers 
of many kinds, from the prt‘<ence ol a volatile oil, Jasniimim officinale, 
./. iiramlijtontm, and Kamhac especially yield this. Kyctanilus Arbor 
tri.sfi.i is also exceijdingly fragrant, but in the night-time only; its 
corollas yield an orange dye. 

(CoLUMKi.i,rA('KA; consist of a few species of Mexican or Peruvian 
plants, which hate been simposed to approach Jasminacem, or still more 
closely to Gesncraceie and Iiubiacea-; but their structure is not well made 
out. They have an adherent calyx, epigynotis corolla, two stamens with 
sinuous anthers, mid an inferior 2-ctdled ovary with numerous ovules. 
Seeds albuminous; embryo minute. 

(Salvadoraceje are a small Order of shrubs or small trees uuth oppo¬ 
site leathery leaves, panicled small flower.s; calyx, corolla, and stamens 
4-merous, hypogynous; ovary superior, 1-celled; stigma sessile; ovule 1, 
erect; fruit fleshy, 1-seeded,and the seed without albumen. It is related 
by its 4-narj' structure to Oleacea* luid to J’^antagiuace.T?. haxnng a mem¬ 
branous corolla like the last; also resembling Plumbaginoeese in habit. 
The species are found in India, Asia Minor, and North Africa, The most 
important is Salvmlorapersica, supposed to be the Mustard-tree of the 
liiblc, its fleshy fruit having an aromatic odour and tasting like garden- 
cress. The bark of its root is msed in India as a vesicatory. The leaves 
of S. indica are purgative.) 
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Order XCI. PLANTAGINACEiE. 

« 

Class. Plumbagiues, Endl. AU. Cortusales, Liudl. Coh. Plantagiiiales, 
lienth. et Hook. 

449. Hiarfnosis. —Chic-Hy herbs with undeveloped stems and tufts of 
leave.s spreadii)}' more or les.s on the ground; flowers spiked, regular, 4- 
merous, the 4 stivmeus attached to the tube of the hypogynous dry and 
membranous monopetalous corolla, alternating with its lobes; the tila- 
ments long and slender, and the anthers versatile; ovary simple, but 
spuriously:!- or 4-celled by temporary adherence of the aiigdes of the free 
central placeuta to the walls; ovules 1, '2, or numerous, peltate; stylo 
and stigma simple, the latter rarely cleft; capsule membranous, dehis¬ 
cence circumscissile; seeds 1, 2, or many, albuminous; the testa mucila¬ 
ginous. 

IlLUSTRATIVK CrriNKnA. 

Littorella, L. | Plantngo, L, 

Affinities.—This Order appears to find its nearest relatives in Plum- 
baginacese and Primulaceie, from which, however, the position of tljg 
stamens, alternating with the lobes of the corolla, distinguishes it, in 
addition to other characters noticed under those Ordew. Tlie supposed 
affinity to .■Vmarnnthaceie and Chenopodiacouj does not appear well made 
out. 'in Littorella {here is . a tendency to abortion in one or other set of 
essential organs, producing a diclinous condition. 

Distribntion.—A not very e.vtensive group, the species of which are 
generally ditiused, but most abundant in temperate climates. 

Qualities and Uses. —The foliage is slightly bitter and astringent, but 
the plants are not now regarded on this account. The seeds of many 
species of Plantat/o, such ns P. P.i;/lliitm, armaria, Ct/nops, &c., were 
much used formerly on the Continent, under the name of Semen Psyllii 
and S. Pulicarite, or Flea-seed, for making mucilaginous drinks like those 
prepared from linseed; the spike.s of tlu! fruit of P. major are much gathered 
in the green state under tin; name of Plantain, for feeding enged birds. 
P. major, minor, and lanceolata, called Plantains or Road-weeds, are 
among the commonest of our weeds on road-sides, in meadows, and all 
undisturl^ed ground where the soil is not very light. 


Order XCII. PLUMBAGINACEiE. The Thrift Order. 

Class, Plumhagines, Pndl. All. Cortu.sales, LifuU- Coh, Primulales, 
Penth. et Hook. 

450. Diagnosis .—Maritime or mountain herbs or under-shrubs, often 
with undeveloped stems and clustered leaves; flowers regular, fl-merous, 
with a plaited cal 3 TC; the 6 stamens opposite the separate petals or tho 
lobes 01 the monopetalous corolla; the free ovary 1-celled, with a solitary 
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o^nile hanging from a long funiculus which arises from the base'of the 
coll j styles 6, mrely 3 or 4; fruit either utricular or dehiscent hy valves 
above | seed with a simple testa and little allRimen. 

Illustrative Genera. 

Statice, L. | Plumbago, Tournef. 

Affinities.—This Order is strongly characterized by the peculiar attach- 
m<!nt of its ovule: this, with the numerous styles, separates it from the 
I’rimulacea;, which it approaches in the position of the stamens and some 
other points; the same cliaracters, wdtli the position of the stamens, distin¬ 
guish it from I’lantaginaceffi; and these niarlcs, with the plaited calyx, 
isolate it from all the other Corollilloral Orders, among which it clafms 
a place in spite of tho occasionally polypetalous or even apetalous con¬ 
dition. 

Distribution.—A rather largo group; some, kinds are found all over the 
wmrld on the sea-.sliore; others are more local in similar habitats, in 
salt-mar.slie.s and in saline steppes, while others, again, belong to alpine 
regions. ' _ ’ 

Qualities and Uses. —The properties 8n> either bitter and astringent, or 
acrid and caustic. The roots of Htutifi- vuruUniutm are powerfully astrin¬ 
gent ; those of IHvmhuyo ciiropef a, ziyhnika, mmdem, and others are very 
active hlisteriiig-agents wlien fresh; that of europa-a is used dried aa 
a remedv for toothache. 1‘. toxicuriu is said to furnish a poison in 
IMozambiqiie. The Garden 't hrift (Annma rw/i/nrw), commonly used for 
edging, like liox, is said to he an active diuretic: the dried tiowers are 
used for this purpose. .Small dose.s of the root of Plumlmyo ettrapcea aSQ 
said to act aa an emetic. 

'I'ho tiowers of many of the Pliimbaginacett!, especially species of Sfa- 
ticc, are veiy handsome, and many are cultivated on this account. 


Order XCIII. PRlxMl LAClLtb:. The Primrose Order. 

f’/nss. Petalanthfc, i'.nrf/. AH. ('nrtu.sales, Zdn//. f'o/i. Primiilales, 
Peiith. et Hook. 

451. Biagnosh .—Herbs with opposite or alternate simple leaves 
niitl regular, perfect tiowers ; tho .stamens as many aa the lobes of tho 
luonopetalous (^rarely ])olypetnlous) hypogynous corolla, and att:iehcd 
opposite to them in the tube; ovaiy 1-celled, with a free central 
])lacenta bearing several or numerous ali)uminous seeds,asimplc stylo, 
and a capitate stigma. , 


Character. 


Calyx 5- or rarely 4-clcft, free or half-adherent, regular, persistent. 
Corolla liypog}mou8,monopetalous,and tho limb regularly5-,or rarely 
4-cleft; or more rarely composed of separate petals, or absent. 
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Stamens equal in number to the petals or lobes of the corolla and 


Fig. 392. 


adherent to them; or in apetalous flowers 
* hypogvnous and altenfatiug with the 
teeth of the calyx. 

Ovarif 1-celled, with a free central pla¬ 
centa bearing many ovules; style single; 
stujma capitate. 

Fruit : a capsule opening by v.alves, more 4 
rarely circumscisSile (fig. 392), many- 
seeded ; seeds peltate; the embryo in ^ ’ 

flesay albumen. circumscidaUe dehiscenoe. 



Illitstbativk Gejteha. 

Primula, L, Glaux, 'lounuf. Anagallis, Tournef. 

Cyclamen, Tournef. j Lysimschia, Slcench. | Sainolus, Tournef. 


ASliiitles.—This is an Order which stroiigly attr|ct.s the attention of 
Structural Botanists on account of the pe(miiaritie,s and anoiualies wlfich 
it presents. It is one of those in whicfi the free central placenta (§ 220) 
is most distinctly seen, forming an expeptiou to the verv general ruh> of 
the placenlaa arising from the margins 01 the carpels, fii the next phic 6 
the position of its sjjanien.s opposite the petals is an exception to the rule 
of alternation of the organs of succes-sive fioral whorls, to be explained 
only by supposing an intermediate whorl of stamens to Ix) suppressed (in 
favour” of which is found the condition of Sdinolus, Lynimacnia ei/uitii, 
and others, where five teeth, which may be alxirtive stamens, alternate 
with the lobes of the corolla ), or by the hypothesi.s of ehorim (§ § 1 49, 1 'i‘2). 
In Samolus we have the calyx paitially 'adherent to the ovnrv. In .some 
foreign genera {he petals arc either nearly or quite di.stiuct. In Tncntalis 
europaa the lobes of the calyx, corolla, and the number of .stamen.s vary 
from 5 to 9. In (rlnux the corolla is absent, and the calyx coloured. 

* The relations to Plumbagiiiaceie aroAcry cbise, both in the structure and 
the habit of many kinds, as Ix'tween Amlros/ire and some Primtihe and .-Ir- 
7neria,Sic.; but the solitary ovule of that fanlilv i.s a di.stiuctive character. 
Tha^iraulncuie are .still nearer to the exotic Grder .Myi’siuaceip as regards 
the structure of the flowers; but those are tree,s or ,'hruh.s with herry-liko 
fruits, and have minor cdiarncters of distinclion noticed under that Onler. 
On the other hand, they approach .Solanacejc in habit, but differ much in 
structure. 

Distiibatlon.—A considerable fantily, the .species of which are chiefly 
fotmd in' temperate and (fold part.s of the Aorthem hernisphertt, in alpine 
re^ons or the sea-.shoi’e when in lowm- latitudes. 

Qualities «uid Uses.-'t-The Cowslip (Pritnulti verin) and other species 
appear to po.sse.ss sedative properties. The SohhmeUa are slightly purga- 
trve. The Cyclamen-s have a fle.shy tuber which is more or less acrid; 
and Cyclamen eurdptewn is said to be a drastic purgative. 

The most remarkable quality i.s perhaps the beauty of the flowers, for 
which a great number are cultivated, especially species of Primula, which 
includes the Cowslip, tlie Primrose proper {P. vulgaris), the Polyanthus, 
a garden variety of tnis, the Oxlip (Jl elatior), the Auricula {P. Auricula, 
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from the Alps), &c. Many dwarf species of Priitada and Androsace are 
“ alpine plants,” as in also SoldamUa. Olaux and Samolus belong to salt- 
marshes ; Hottoma to freshwater brooks, having/eathery submerged leaves ;• 
the Li/simachiee mostly grow in wet places. Many of tne genera are repre¬ 
sented in our native flora, while Androsace, Dodeeatheon, and Soldanella, 
which are mostly alpine plants, ai-e commonly cultivated. 

(Mybsinaceje are so closely related to Primulaceae in the structure of 
the flowers that no absolute, character of distinction can be drawn there¬ 
from, since the imbedding 'bf the ovules in the placenta, general here, 
occurs in several I’riniulaceous genera, for example in AnagaUis. But the 
Alyrsinacere are of shrubby or trec-like habit, and their fruit is fleshyi 
They belong chiefly to the islands of the Southern hemisphere; and some 
of them are cultivated in this country as evergreen shrubs requiring pro¬ 
tection in winter. The seeds of some species of Tfieojdirasfa and tMgrsine 
are nutritious; and the bewies of some, plants of the Order are edible, 
although others are said to bo cathartic.) 

(yEaiCEnAOEyV: include a genus of plants growing on sea-shores in the 
tropics, and rooting frtim the. seed-vessels like Khizophoraceas and con¬ 
sidered to form a distinct Ord(?r by some writers. yEgiecrat diflers from 
jMyrsinacero chiefly in having exalbuminous seeds, a follicular fr’uit, and 
transverse dehiscence of the anthers.) 


Okder XCIV. SAPOTACEiE. 

Class. Petalnnthoo, £mU. All. Uhnranales, Ziadl. Coh. Sapotaies, 
Itvnlh. ft Jfook. 

452. Diagnosis. —Trees or shrubs, mostly'with a milky 5uice; leaves 
alternate, simple and entire (often rusty-downy beneath) : flowers sipall, 
regular and perfect, usually in H.villarv (dusters • calyx friie and persistent j 
the fertile' stamens commonly as many as the lobes'of the short hjrpogy- 
uous corolla, and opposite to them, attached to tin' tube along w ith one or 
more rows of appendages and scales or sterile stamens ; anthers extrorse; 
ovary 4~]2-celled, with a single auatropous ovule in each cell; se^d® 
large, usually albuminous. , 

Ili.vstiiative CIexera. 

Chrysophyllum, L. | Lsoutuidra, Wight. | Bassia, Kim. 

AtBnltleg—Allied to Myrsinace.t?, but distinguished by the plaeentation, 
anatropal ovules, and other important charaateiyi,—also’ to the Mbenacea', 
which they restunble in habit; but they have’a milky juice, and vvood 
geucrally of a soft character; other diflereuces also e.vist in the perfect 
flowers, such as erect ovules, simple styles, &c. 

Distribution.—A considerable group. Chiefly tropical: Asia, Africa,, 
and America. ^ 

Qualities and Uses.—^The plants of this Order are valuable for succu¬ 
lent fruits, febrifuge bark, oleagfrious secretions, and peculiar gum-reaina iu 
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’ the milky juices. Of the fruits, the Sapodilla Plum {Achras Sapoin), 
the Marmalade (.<1. mammosa), the Star-apple (ChvysnphyUV'm Cainito), 
%nd the Surinam ifedlar (Mimusops Elmgi) are the most noted. 'The 
bark of various species of Achras has been used as a substitute for Cin¬ 
chona. The fruits of Bama hriyracea and B. longi/dia yield a butter- 
like oil, largely used in India; another species in Africa is said to yield 
the Shea or Qalain butter mentioned by travellers. Isonaudra Gidta is 
the tree from which Giitta Peicha is obtained, by evaporating the milky 
juice. 


Order XCV. EBENACE.iE. The Ebony Order. 

■ Class, Petalanth.T, Bndl. All Gentianales, Zindl. Coh. Sapotales, 
Benfh. et Hook. 

4o3. Diaynnsis. —Trees or shrubs wdth alternate entire leaves, without 
milky juice ; Mowers regulai', polygamous, with the caly.x free from the 
3-12-celled ovary; the stamens twice or four times as qiany as the lobes 
of the corolla, often in pairs before them; anthers introrse j fruit a several- 
celled berry; ovules 1 or 2, saipcnded from the summit of each cell; 
seeds lar^ej, albuminous; radicle superior. 

iLHrSTRATIVE GeNERA. 

Royena, Z. | Diospyros, Z. 

AfBnities.—The Ebenace* are distinguished from the Sapotaceae by 
several important characters noted under that Order; on the other hand, 
thev approadi the Aquifuliacem in many points, but are separated by 
their strongly coherent Moral envelopes, usually numerous stamens, and 
twin ovules, &c. To the Oleaceie they tiro allied by the placentation and 
other points; but the alternate leaves, more numerous stamens, and com¬ 
monly diclinous Mowers aMord veiy marlied distinctions. The Styra- 
cacese are also very near to this Order, but frequently have an adherent 
calyx, petals less coherent, and a simple style with a capitate stigma. 

Distribntlon. —A considi'rable group, the members of which are dis¬ 
tributed njpstly in tropical India, hut a few are si:attered elsew'here. 

Qualities and Uses.—The principal property which has bean noted in 
these plants is astringency; but they are better known and far inoro 
important on account of their hard and dark-coloured wood, the heart- 
wood of many species of l)iospyros constituting Ebony ; I). Bbemis yields 
it in Mauritius ; IJ. Mdano.vylun on the Coromandel coast; 1). Ehenaster 
is the bastard Ebony of Ceijon; and I). hirsiUa has a variegated wood 
called CsjRmander, Other species are also used. 1). vir.c/iwifino, a North- 
.,,Ameriean specids, bears the tf-uit called Persimmon i-r l)ate-pluin, which 
' is astringent when ripe, but is eaten after it has been affected by frost. 
J^o^nfros Zoios (Europe) aud D. Eaki (China) have also edible fruit. 
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^Ordeb XCVI. AQUIEOLIACEJE or ILICACEiE. 

The Holly Order. 

Class, Frangulaceffi, Endl. All. Gentianales, Lindl. Coh. Olacinales, 
Eenth. et Hook. 

454. Bkiynosis. —Trees or shrubs, -vvitli small axillary 4-6-merou8 
flowers, sometimes diclinous by abortion ; a iiiinute corolla free from the 
■ 4-t)-colled ovary and the 4-(5-seeded beny; the stamens as many as the 
divisions of the almost or quite divided 4-C-petalous corolla, alternate 
with them, attached to the vert base; ovary U-O-celled ; cells with 
1 ovule; stigma almost sessile, lobed; fruit succulent, with 2 - 0 - 8 tones; 
seeds suspended, with copious fleshy albumen; radicle superior. 

Illusthative Genera. 

Ilex, L. I Prinos, L. 

Affinities. —The affinities of Aquifoliacese to Ebenaceaj and Sapotace® 
have been noticed under those Orders. Some authors consider them re¬ 
lated to Khamnace® or Oelastrace® ; but their monopetalous corolla, 
want of disk, straight embryo, and their relations to Ebenace®, as well 
a.s tlie difterence in the ovary and seeds, i-emove them from the immediate 
neighbourhood of tho.se Ordtirs. On the other hand, they exhibit some 
approach to Logauiaceie and Apocynaceuj. 

Diatrlbntton.—A small Order, widely scattered, but sparingly. Ilex 
Aquifolium, the Holly, is the only European species. 

Qualities and Uses, —The bark is ordinarily astringent and tonic, and 
that of the Conimon Holly is esteemed a febrifuge; its berries produce 
emetic and purgative action; its leaves, and still more those of Ilex para- 
yuiiyeiisis, called Matd or I’araguay Tea, resemble Tea in property, as is the 
case also with Prinos ylahra, a North-.Vmerican shrub. Other .species of 
Ilex are also used for this purpose in South America. The viscid substance 
called Bird-lime is made from the bark of the Holly; and its close white 
wood is valued by cabinet-makers. 

(Styracacka-: are remarkable among the Orders here placed near it for 
me inconstancy of the diameter dependent on the adhesion of the calyx; 
Miers divides it into two, Symplocaceie and Styracaceie, .separated by this 
mark, and by the restivation «f the corolla and other points. It is com¬ 
monly regarded as related to Ebenaccic among the Corollitlorals, and also 
to Aurantiace® and TernstrceniiaceiB among the Thalamiflorals; while 
Liudley connects it with Celastrace® through Sapotace®: others point 
out a resemblance to Philadelphace®. • 

Distribution. —Scattered sparingly in the warm regions of Asia and 
America. 

Qualities and Uses. —Bitter and aromatic, sometimes containing a pun¬ 
gent resin. Gum Benzoin is obtained from Styrax Bemoin in the Malay 
archipelago; Storaxfrom St. officinale in Syria ; other species yield similar 
resins. Symplocos furnishes dves or mordants; the leaves of S, tinctoria 
(Sweet-leaf, or Horse-sugar, Is^orth America) are sweet, and are eaten by 

p 
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cattle. Hal^a tetraptera, another North-American plant, is called the 
Sno'vy'drop-tree, on account of its numerous white beJl-shaped blossoms.) 

(OLAC.\CEjt! are an Order of tropical trees and shrubs, apparently nearly 
related to Santalaceee, but have distinct petals and a free ovary; they 
have the stamens opposite the petals. Icacinaceje, sepamted from the 
preceding Miers, have the stamens alternate with the petals. In both 
the iBstivation of the petals is valvate; while CYnuxACF,.®, a group <if 
North-American shrubs, have imbricated petals. Humihiaceje are tro¬ 
pical American trees or shrubs with balsamic juice, and mouadelphous 
stamens having an enlarged fleshy connective; they appear to be related 
to the Olacacem, w^iile, on the other hand, they have affinities with the 
Styracacete and with the Atirantiaceie. The systematic position of all 
these groups is at present unsettled, ns is also that of Caneli.acka:, a 
little group of plants connected with Ciusiacete by some authors, by others 
with Olacacete and their allies.) 


Order XCVII. LOGANIACE/E, 

Gass. Contortro, Undl. All. Gentinnnles, Litull. Coh. Gontianales, 
Jieiith. et Jlovk, 

45o. Dingnom .—Shrubs or herbs with opposite leaves and interposed 
stipules sometimes reduced to an elevatwl line or a ridge; calyx 4-1)- 
cleft; corolla hypogynous, monopetalous, regular, 4-, 5-, or 10-cleft, val¬ 
vate or contorted or-imbricated m mstivation ; stamens inserted on the 
corolla: ovary superior, usually 2-celled; style divided above into ns 
many lobes a.s the cells of the ovary; ovules numerous or solitary ; fruit 
capsular, 2-celled, with the placentas finally defaehed, drupaceous, with 
1 - or 2-8eeded atones, or baccate with the seeds immersed in pulp; seeds 
with a straight embryo in fleshy or cartilaginous albumen, sometimes 
winged, mostly peltate. 

Illusthativb Gkneha. 

Usteria, WiUd. Logania, It. Hr. Stiychnos, L. 

Spigelia, Z. Fagrma, ThioA. 

Aflliiltlet.—This Order was formerly associated with Apoc^aceffi and 
the neighbouring Orders ; .bi*, as remarked by llentham, it consists, on the 
whole, of liubiacefo with a free ovary, at the same time approaching, by 
certain of its diverse forms, some of the genera of several of the CoroUifloral 
Orders even more nearly than the general mass approach Rubiacem. To 
Apocynaceae, which are very nbar in general structure, some genera, snch os 
Geniostoma, which has contorted (estivation ofthe corolla, and MUrasacme, 
where the carpels are partially di.«tinct below a,nd united above, approach 
very closely; MUrasacme and Mitreola were formerly arranged as doubtful 
G^tiahacese, and Fagrau and Potalia approach still more nearly, the 
former greatly resembling Lisianthus in character, while Buddleia and its 
allies have hwn referred to ScrophulariaceiB until lately, but are brought 
into this (htder by Bentham, since they cannot be separated from Logania, 
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The main difference from Apocynaceas lies in the stipules; but these are 
sometimes reduced t(J a mere line connecting the leavea: the peculiar , 
stigma of that Order afibrds another means of separating them;. and the 
Apocynaoece often liave hypogynous glands, which the Loganiacese have 
not. From Qeutianaceoe the distinction lies generally in the stipules and 
the a-YiIe placeiitation; occasionally the succulent condition of the fruit 
is required as a decisive mark. From the Scrophulariaceae the stipules, 
tlio regular corolla, the agreement of the number of stamens and lobes of 
the corolla, and quincuneial aestivation divide Loganiaceae in most cases; 
and although that io.stivation and the regular corolla occur sometimes in 
the former Order, there are then usually alternate leaves and no stipules. 
As observed by Bentham, this is hardly so much a Natural Order as a 
receptacle for anomalous forms of several really natural groups, Hubiace®, 
.Vpocyuacea), Oentianacc®, &c. 

Distribution.—A rather large group, the species of which are chiefly 
tropical, but some are found in North Anuiiica and Australia. 

Qualities and Uses.—The plants belonging to this Order have mostly 
powerful poisonous properties, in particular the genus Stiychnos. S. 
Nitx-vomka boars the seeds known by its name, so noted for the presence 
of Htrychnia. S. to.cifera is said to furnish the active ingredient of the 
celuhratiid Wonrali poison of Guiana. H. coyem is likewise used to poison 
arrows in Central America, S. Tieute (the bark of the root) yields the 
Java poison called I'pas Ticutd. Many seem to be free from strychnia as 
regards the hark; for that of S. Pmidoguiiia is used as a substitute for 
Cinchona in Brazil, that of S. Ntix-romica also, and tlie wood of S, liyuMt'uia, 
calk'd Lignum coluhrimim. S. jmtat.orum, an Fast-Indian species, is called 
the Cloaring-iiut; and it is said that, when its seeds are rubbed round in a 
vessel containing muddy water, it causes the impurities to settle. The 
sei.'ds from the I’lulippines, known as St. Ignatius's Beans, have been 
described as the seeds of a plant called lynalia cmat-a ; hut Bentham has 
shown that this genus has no real e.xisteiiee, and that the seeds are pro¬ 
bably those of an unknown Slrychnos, perhaps multljlora, which grows on 
those i.slands. I lo states also that much imeertainty exists as to the 
identity of the many species described by authors, such as S. cogexs, liyus- 
trina, kc. Tin; spoeie.s of Spiyrh'a aro acro-uarcotic; <S. tnarilandica, the 
Carolina Fiiik-root, and <!>'. ant/nltiiiii aro used as vermifuges, but are 
somewhat dangerous, sometimes producing spasms and even convulsions. 
FoUdia amara is bitter, acrid, and emetic. 


OkukrXCVIII. GENTIANACE.rE. The Gentian Order. 

Clam. Contort®, J^ndl. All. Gcntiaiinles, iindl. Coh. Qeutianalcs, 
Benth. et Hook. 

456. Diagnosis .—Smooth herbs, with a colourless bitter juice, 
opposite and sessile leaves, mostly simple, entire, and strongly 
ribbed, without stipules; flowers regular, with a persistent calyx, 
with stamens as many os the lobes of the usually withering-persistont 
corolla, and which aro convolute (rarely imbricated, and sometimes- 
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valvate) in the bud; ovary 1-celled, with two parietal placentas, pro- 
•jecting more or less toward the centre; the fruit mostly a 2-valvcd, 
septicidal, many-seeded capsule, sometimes with a fleshy pericarp ; 
seeds small; embryo minute in the axis of fleshy albumen. 

Illustkativi! Geneka. 

Gentians, L. I Erythrnea, Ren. [ Jfenyanthcs, L. 

Agathotes, Don. j Ohlora, L. | Villarsia, VeiU. 

Affinities.—This thder stands very near Apocynncea?, from which it 
differs in its placcntation and completely coherent carpels, habit, want of 
milky juice, and other points. The parietal placentas distinguish it from 
the Scrophulariacefe and allied Orders which sometimes show an approach 
to the regular structure of Gentianacefc. Gesnetace.T di ffer in their irregular 
flowers, axile embryo, and other characters. An affinity exists to Oroban- 
chacem, especially through Obnlari'i, a N.-American plant formerly re¬ 
ferred to that Order, Voyra, a parasitic leafless genus, and some allied 
forms lately discovered in South America, while Crawpirdia, a twining 
genus, seems to connect the Gentianacem with Convnlvulacece. 

Distribution.—A large Order, generally diffused—the large genus Gen- 
tiana especially inhabiting the mountains of temperate and hot climates, 
but not m polar regions. 

Qualities and Uses.—Bitter, tonic properties are general; a few are 
emetic or narcotic, especially when fresh. Among the bitter kinds medi¬ 
cinally employed are the Gentians, G. Ivtea (officinal), naactn^e, par/w/w, 
pnnnonica, all European, G. Catenban (U.S), G.Kwroo (Himalaya), Frmera 
Walteri (U.Sl, Agathotes Chirayita, a native of the Himalayas. Rrythreea 
Centaurium, Menynntke,i trifuHuta, Chhrn pm-foliaiu, GmtiaiM crttnpeidrin 
and Amarella, all British herbs, have been used in the same way. The 
plants of this Order mostly have beautiful flowers, brilliant blue predomi¬ 
nating, but red, white, and purple, and more rarely yellow occurring. The 
Gentianella of our gardens is G. aenvliit ; and the smaller Gentians an* among 
the most beautiful of alpine plants. Villarsia nymphteoule.s is an elegant 
water-plant occurring in Britain. JAmnanthemum, an exotic genus, is also 
aquatic. 


Order XCIX. APOCYNACE^. Dog-banes. 

Class. Contortse, Endl. All. Gontianalcs, Lindl. CoH. Gentianales, 
Renth. et Ilouk. 

457. Diagnosis. —Plants with milky acrid juice, entire (mostly 
oppo.site) leaves, without stipules; flowers regular, 5-mcrous and 
5-androus ; the ,5 lobes of the corolla convolute and twisted in the 
bud; the filaments distinct, inserted on the corolla, and the pollen 
granular; ovary 2- or more rarely l-eelled, composed of 2 carjtols 
more or less coherent in the ovarian and stylar region and quite 
blended in the drum-shaped or dumbbell-shaped stigma; ovules nu- 
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merouB ; fruit 1 or 2 follicles, a capsule, drupe, or berry; seeds mostly 
with fleshy or cartilaginous albumen. , 

Illustbative Gbnkba. 

Allanianda, L. Tabemaemoutana, Plum. Nerium, L. 

Ilancornia, Gomez. Vinca, L. Apocynum, Toumef. 

Carissa, L. Wrightia, R. Br. Dipladenia, 1)C. 

Taughiuia, Tliouars. 

Afiinitioa. —Related closely to some Loganiacese ^d to Gentianacese, 
as noticed under those Orders—also to Asclepiadacese, from which they are 
chiefly distinguished by the freedom of the stamens from the stigma and 
by the coherent pollen. The thickened stigma, however, and appendaged 
anthers found hero indicate a close relationship. Alyxia has ruminate 
albumen. 

Distribution.—A large group, the species of which are chiefly tropical, 
a few scattered in temperate climate.s. V'itica occurs in Britain. 

Qualities and Uses.—Often violent poisons, acting as drastic purgatives 
and emetics, sometimes with a narcotic intiuouce. Not a few, however, 
have delicious edible fruits; and the bark of some is tonic and febrifuge. 
The milky juice contains Caoutchouc, in some cases sufficient to become 
commercialiy valuable. The poisonous principles appear to occur chiefly 
in the seeds and in the milky juice. The st'cds of Tanghinia venmifera, 
the Madagascar roison-nut, are very deadly, as are also the seeds of Cerbera, 
Thcref.ia, Oameraria la{ifotia(the Bastard Aianchineel j, the stem, root, leaves, 
and flowers of Nerium (the Uleanderj, Echites, Plumtera, &c. Where some¬ 
what milder, as in Apocpiutn and AlUmiamla, the plants are occasionally 
available medicinally, but only in small doses. ' Wrightia antidysenterivaf 
some species of Curixsa, llaneurnia puheseeiig,waA. others are .simply bitter 
and febrifuge, like Gentians. The .succulent fruits of Ilancornia speciosa 
{ Brazil), Carissa Carundas and edulis (East Indies), Roupellia grata (Sierra 
Leone), are not only harmless, but very delicious. Caoutchouc is obtained 
from Urccola elasticu, Wilhujhbeia edulis (East Indies), Vahea gummifera 
(Madagascar), Volhgihora uiilis and Camcraria latifolia (South America). 
The milky juice of Tabermemmitana utilis, the Cow-tree of Demerara, is 
innocuous and nutritious. Wrightia tinctoria furiiLshes a kind of indigo; 
and the wood of species of Wrightia (East Indies), Aspidospernia (Guiana), 
&c. is valuable as timber. This Order furnishes some of our most beau¬ 
tiful stove-plants— Echites, Allamanda, Dipladenia, Nerium, Plumiera, &c. 
forming striking oniaments in every extensive horticultural collection. 


Order C. ASCLEPIAJDACE.^:. 

I 

Class. Contort®, Endl. All. Solanales, Lindl. Coh. Gentianales, 
Benth. et Hook. 

458. Diagnosis ,—Shrubs or herbs, often twining, with milky 
juice, opposite or whorlcd (rarely scattered) entire leaves without 
stipules j flower regular, 5-merou8,6-androus, the lobes of the corolla 



318 


STSimrATIC B0IA5T. 


mostly valvatc ; carpels 2, distinct, but adherent belo-w; stigmas co- 
, herent into a 5-angled fleshy head, to which the anthers are adherent 
(fig. 393); pollen coherent into wax-like or granular masses; ovaries 
with numerous ovules on the sutures ; fruit a pair of follicles, or by 
abortion 1; seeds mostly with a crown of hairs at the hiliun, with 
thin albumen. 

Illpstbative Geneba. 

Hemidesmus, R. Br. Calotropis, R. Br. Iloya, R. Br. 

Periploca, L. Cynanctmni, L. Stapelia, L. 

Vincetoxicum, Mcnt^ Asclepias, L. 


ilg. 393. 



Fig. 393- o, Flowpp of Aaclepicu j>urpum$ren*\ h, a Tcrtiml .8eoti'on, with the petals 
removed; c, side view of s Btamec; d, inside vi«w of an anther (fi, poUcQ-soc); 

«, two poUen-maBses; y, cross section of the ovary. 

Affinities;—The curious organization o( the stigma and pollen is the 
great distinguishing feature of this Order, which in other rcapects is 
closely allied to Apocynacese. When the pollen is mature, it escapes in 
“ pollen-masses ” from the anthers tfig. 393, e), and adlieres to gelatinous 
processes developed on the sides of the stigma, which retain it, so that it can 
push its pollen-tubes into tho lateral and inffrior .«tigmatic surfaces; after 
fertilization, the stigma with the adherent anthers and filaments separate 
from the style and leave a pair of distinct carpels, which ripen (one or 
both) into free follicles. 

Distribution.— A large Order^ mostly tropical, in Asia, Africa, and 
America; one or two species occur in Europe, and a few in North 
America. ' 

QnalltlMi'fnd Uses. —Generally resembling the A ppcynacero; but tho 
active pre^rties are not so much developed, and the succulent fruits do 
not appear here. Species of Asekpias, Cynanchutn, Cahtroins (Aludar), and 
PeripuKa are more or le.s8 emetic or purgative ; the leaves of Solenostcmma 
Arghel and Qomphocarpui fndicoims are frequent adulterations in Alex¬ 
andrian Senna, and are said to cause griping.. The roots of Hemideemu* 
nuUem are tuM as a substitute for ^rsaparilla. The milky juice of 
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Cynanchnm ovalifoUum yields Caoutchouc at Penang. Marsdenia tena- 
cissima and OrthantJfera vitninea, East-Indian plants, afford a'very tenacious 
fibre; Marsdenia tinctm'ia a kind of Indigo. The Stapelia and Osrop^- 
gi(T are remarkable for their succulent habit; some of them form curious 
tubers, as lirachyst^lma. Iloya partakes of the succulent habit, but has 
wax-like leaves and blossoms, sometimes very handsome. Dischidta is 
remarkable for its pitcher-leaves (§101). Gymnema laclifera is the Cow- 
plant of Ceylon, which yields a milky juice, harmless and nutritious, and 
which is used by the natives as food. 

(IlYi)norHyi.T*A.CK^ form a small Order, allied in some respects to 
Boraginace.'B, but difi'ering in their one-celled many-seeded ovary with 
pai'ietal placentation, which also separates them from Polemoniaceee, with 
which they have many points of agreement. They arc chiefly natives of 
the north and e;ctreme south of America. Their properties ai'e unimportant} 
but species of some of the genera, as NemophiUtjEaioca, &c., are interesting 
and sliowy garden plants, grown with us as tender annuals. Ilydroleads 
are sometimes separated from this Order by reason of their distinct styles 
and anatropous ovules.) 

(Diai>ensiacK/T) consist of two genera, Diapensia and Pyxidanthera, 
each having one species. They are connected ’nith Coiivolvulacefn by 
some authors, but appear to stand between llydrophvllacejE and Pole- 
moniacere, having a :5-celled ovary like the latter, am! a filiform embryo 
with very short cotyledons, approaching that of the fonner. They are 
very closely allied to Ericacoic, out the anthers do not open by porei) 


Order CI. POLEMONIACEgE. The Phlox Order. 

Class. Tubifloraj, EwH. All. Solanales, IJndl. Coh. Convolvulales ?, 
Eenth. et Hook. 

4C9. Diagnosis. —Herbs with alternate or opposite leaves, regular 6- 
mcroiis and fi-androus flower.^, the lobes of the corolla mostly convolute 
(spinetiinos imbricated) in mslivatiou ; ovary 3-cellcd, style .3-lobed ; the 
capsule 3-celled, 3-valvod, loculicidal, few- or niany-seoded; valves usually 
breaking awav from a triangular central columella; seeds albuminous; 
embryo straight; cot^dedons Slliptical, foliaceous. 

iLl.USTRAXn'E GeNKUA. 

Phlox, L. Lepto.siphon, Eenth. Cantua, Jms. 

Collomia, Nutt. Polemonium, Toumtf. Cobasa, Cav. 

AfAnities, ftc.—One of the smaller Orders; it is remarkable for its 
3-celled ovary. It is nearly related to Convolvulacese, agreeing 

even in the climbing habit; the ovary equally distinguishes it from these, 
the Ilydrophyllacene, and the Gentianaceoe, to'all of which it has close affi¬ 
nity. From Diape.nsiaceffi it differs in the regular calyx and insertion of 
the stamensj as well as in the einbrya The seeds are remarkable in many 
cases for hairs upon the testa containing a spiral fibre; in Collomia these 
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expand elastically ■when wetted; in Cdbaa they are short, broad, and firm. 
The Polemoniacete occur moat abundantly in the temperate regions of 
North and South America. Polemonium ceerulewm^ Greek Valerian or 
Jacob’s Ladder, grows in the north of England, and is common in gardens. 
The other genera furnish some of the favourite tender perennial and annual 
herbaceous plants of oiu: gardens. They have no important properties. 


Okdek CII. CONVOLVtJLACEiE. The Bindweed 
Order. 

Class, Tubiflorffl, EncU. AU. Solanales, Lindl. Coh. Convolvulales, 
Benth. et Hook. ■ 

460. Diagnosis. —Chiefly twining or trailing herbs, sometimes 
leaflcs.s and parasitic, or shrubby and erect, often with some milky 
juice; with alternate leaves (or scales); flowers regular, 5-androus ; 
calyx of 5 imbricated sepals,the 5-plaited or 5-lobcd corolla convolute 
or twisted in the bud; ovary 2-celled (rarely 3-celled), or with 2 
separate pistils, with 2 erect ovules in each cell, the coll sometira(?s 
doubled by a false partition between the seeds, thus falsely 4-celled; 
embryo large, curbed or coiled in mucilaginous albumen, with folia- 
ceous cotyledons, or ( Ciiscutem) filiform and coiled with the cotyledons 
scarcely perceptible ; radicle inferior. 

Illusthative Genera. 

Convolvulus, Z. Ipomoca, L. 

Exogonium, Chois. Cuscuta, Toumef. 

Affinities. —This Order appvoache.s the regular monopetalous Boraginn- 
cefB,Polemoniacete, and allied Orders ; the srtrticture of the ovary separates 
it from the first, the curved en|bryo and the fruits from the second. 
Gordias also differ in their exalbmninous sSeds and superior radicle. 
Some of the Convolvulacero are of shrubby habit, and depart widely from 
the appearance with which we are most fanulinr. Cuscuta is sometimes 
made the type of a distinct Order; but the parasitical habit is not a suffi¬ 
cient character. 

Diatrilmtlon.—A large Order, of which a few species occur in temperate 
climates, but the majority belong to the tropics. 

Qualities and Uses. —^A purgative property generally characterizes these 
dhints, among which are seveial yitdding important inedicinal substances. 
True Jalap is the root of Exogonium Purga, Scammony of Convolvulus Sca?n~ 
mania; Pharbitis cathartica and Ipnmwa tvberosa yield a similar substance. 
The white hedge-Convolvulus, Calystegia sepium, has a similar action, as 
also various Iponuea and Convolvuli, the active matter being a kind of resin 
existing in the milky juice. The seeds of Pharbitis Nil and P. cterulea 
ore also used as purgatives. On the other hand. Batatas edulis forms a 
large fleehy tuber, which is widely cultivated and eaten under the name of 
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the Sweet Potato, and Ipomoaa macrorhiza has edible farinaceous roots. 
The twinin<f and trailing plants of this Order are mostly remarkable for 
the beauty of their dowers, and many of them are cultivated; the gardrti 
JNIajor Convolvulus is rharhitU purpurea, the blue Minor Convolvulus is 
Cunvohulm tricolor. Convolvulus arvensis, Bindweed, grows everywhere, 
on the ground, rooting at the nodes; C. Soldanella grows in like manner on 
the sea-shore; Calyskyia sepium, the White Convolvulus, is one of our 
most bt'autiful and at the same time commonfest hedge-plants.—The 
Ciiscutce are remarkable for their leafless paia^itic habit; they germinate 
in tlie ground, and then coil themselves round the stems of plants and send 
roots in through their rind, by which they are then entirely nourished. 
They have wire-like stems with minute scales at the nodes, and tufts of 
small Convolvulaceous flowers. They are great pests in clover- and flax- 
fields, de.stroying the plante they infest. 

'-'^RDER cm. SOLviNACE.!®. Nightshades. 

Class. Tubiflonc, JEiull. All. Solanales, Lindl. Coh. Convolvulales, 
Benth, et Hook, 

401. Diagnosis. —Herbs, rarely shrubs, with colourless juice and 
alternate leaves; flowers regular, or slightly irregular, often extra- 
axillury, o-merous and 5-androus, on bractlcss pedicels; corolla 
hyppgynbus, jdaitod-imbrieate, plaited-convohito, or invohitive-val- 
vate in icstivation; stamens cpipctalous; ovary 2-celled, cells 
autcro-postorior; fruit a 2-celled (rurely 3-5-cclled) manylseeded 
capsule or a succulont berry. Seed albuminous; embryo curved. 

Character. 

Calyx free, or rarely 4- or 45-cleft, persistent, or the upper part se¬ 
parating by transverse dehiscence, mostly growing somewhat 
during the ripening of the fruit (accrescent). 

Corolla monoiietalous, fi- or rarely 4- or 6-partcd or toothed, rotate, 
campanulato, funnel- or sulver-shaped, sometimes obliquely irregu¬ 
lar, plaitcd-imbricatef' idaited-convolutc, or involutive-valvate in 
the hud. 

Stamens attached to the tube of the corolla, equal in number to its 
lobes and alternate with them; Jilaments sometimes rather un¬ 
equal ; anthers 2-celled, with the cclis sometimes connate above, 
dehiscing longitudinally or by terminal pores. 

Ovary usually 2-oellcd, the carpels antero-posterior; placentas axile, 
sometimes enlarged into spurious dissepiments, rendering the ovary 
4-celled ; ovary rarely 3-5-celled by increased number of carpels; 
ovules numerous; style simple ; stigma simple or lobed. 

Fruit capsular, with septicidal or transverse dehiscence (fig. 291), or 

p 5 
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a succuleut or dryish indehiscont berry (fig. 295); seeds numerous, 
• Fijj. 394. 



Atropn Belladonna. 

the embryo mostly slender and curved, sometimes straight, with 
foliaceous cotyledons in fleshy albumen. 


Fig. 800. 



995 * o» Oorollft otAttopa Btlladonnai showiog the attachment of the ttamcoc; 
bt crofs sectioii of the OTarj. 
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Illustrative Genera. 

♦Petunia, Jms. •Hyoscvamus, Toumef. Solanum, L. , 

♦Nicotiana, Tournef, Physalis, L. •Atropa, L. 

•Datura, L, Capsicum, Toumef. •Manarag’ora, Toumef. 

Afflnitles.—A considerable range of variation in the condition of most 
of the organs upon wliich a character is founded renders it difficult to 
circumscribe this Order strictly; in fact it passes by,almost insensible 
gradations into the Scrophulariacese. Generally speaking, the Solanaceae 
are distinguished by the plaited testivation of the corolla, equality of the 
number of stamens with the lobes of the corolla, and a curved embryo 
from the Scrophulariacese, which have imbricated aestivation, stamens 
fewer than the lobes of the corolla, and a straight embryo ; but none of 
these characters are constant in the former Order ; yet the nearly regular 
corolla aud five perfect stamens will in almost all cases distinguish the 
iSolanace®. Miers has lately proposed, in extension of a suggestion of 
li. Brown, to establish a new Order, Atropaceae, to include the aberrant 
forms of Solanaceae and Scrophulariace.ne, and leave these better defined— 
the brief diagnoses of those Orders being:— 

1. Solanacka:. Stamens equal in number to the lobes of the corolla (or 

petals), whose testivation is valvate or induplicate-valvate, 

2. Atuopaok.®. Stamens equal in number to tiie lobes of the corolla (or 

petals), one soniotimes sterile; lestivation of the corolla imbricated, or 

some modification of imbricated. 

3. ScHOPUULARiACE.®. Stamens less in number than the lobes of the 

corolla (or petals), 4 or 2; mstivation of the corolla imbricated. 

Tlio removal of the Buddhira-to Loganiacero, ns proposed by Bentham, 
is favourable to this arrangement, ns it removes the 4-androua genera with 
regular 4-lobed corollas, which would render the above diagnosis of Scro- 
phulariace.T? faulty. In the list of genera griven above, the Solanaceous 
genera of Miers are left open, and those are marked with an asterisk which 
are referred to his Atropacwe, together with a number which will be found 
similarly di.stlnguished under Scrophulariaceso. 

The .Solanacem, as a whole, have, however, closer relations with 
some of the regular monopetalous Orders, particularly with Hydrophyl- 
liiceje and Convolvulaceie; they are conueett'd with Boraginacem by 
Grahowskiv, a Brazilian genus, formerly regarded as a Lycium, which 
has the habit of the latter with the ovjiry of Bornginaceas : it is nearly 
related to Nolana. According to Lindley, ('estrum connects the Sola- 
nacece with the Oleacete, through Syringa ; but although it has a straight 
embryo with foliaceous cotyledons, the radicle is inferior, not superior, 
and the resemblance appears to exist chiefly in habit. Polemoniaceaj 
dili'er in their 3-celled ovary and straight embryo. 

Distribution.—A very large Oi-der, the memhers of which are generally 
distributed, but most abundantly in the tropica. 

Qualities and Uses.—The genera referable to Atropacen:, as indicated 
above, are mostly characterized by powerftil narcQtiC-poisonous properties. ^ 
The Solanacea) are apparently leas powerful in all cases, and certain kinds' 
furnish wholesome and some most important articles of food: but many j 
of them possess decided narcotic properties. Some are distinguished by 
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an acrid or pungent quality; some have diuretic action j and others are ac¬ 
counted tonics. Among the poisonous kinds the most important are;—the 
Atropa Belladonna (Deadly Nightshade, which has the curious property 
of relaxing the iri.s, and thus causing dilatation of the pupil); Datura 
Stramonuim (the Thorn-apple), and other species of Datura, such as 
D. Mete!, Tnfula, ferox, &c.; Hposa/amm niffer (Henbane) and other 
species; Xicutiana Tuhacwm, peraica, and rustiea (the American, I’ersian, 
and Sman Tobacco-plants); Mandragora oJjfictmUs (the Mandrake). 
Acocatdhera venenata, a Cape shrub, is said to be more deadly even than 
any of them. The foliage of .‘some species of Solajivm is said to have 
active properties of the same kind, especially S. nignim (Black Night¬ 
shade), S. Dulcamara (Bitter-sweet or Woody Night,shade), and even 
the leaves and stems of S. tuhcromm (the common Potato) and PhgmUs 
smnnifera. Solamnn Pseudo-tftiina iS emploj’ed in Brazil as a substitute 
for Cinchona. Some species of ('eitnim, ualaurifoUnmd Peeudo-quina, are 
said to have similar properties. Other Centro, as C. euanthes, herigatmu, &e., 
many species of Phynalis, Solanum, iSrc., are accounted diuretic. 

The species of Capniciim are remarkable for the pungent quality of 
the fruits, the common Capsicum being the produce of C. annuiim, and 
Cayenne pepper consisting of the powdered seeds of various species, such 
as C. fnitencenn. 

AVliile .some of the plants are such active poi.«ona in all parts, others 
are only partially or not at all so. Tlie berries as well as tlie foliage of 
Atropa, lor example, and the. seeds and capsules ns well as the foliage of 
Hgoncyamus, are very deadly; but the, succulent fruits of many species of 
Solanum are wholesome,, as "the Bgg-Apple or .Vubergine (-S'. MeUmgenn), 
those of S. laciniatvm, eaten in Australia under the name of Kangaroo 
Apples, &c., and, it is said (but this wants confirmation) those of the 
8. nigrum, Dulcamara, and others. Lgcopernicum cnculentum, the Tomato, 
is another example. Still more striking appears the instance of the I’o- 
tato, at first sight; but it mu.stbe remembered that the edible tuber is an 
artificial product, and con.sists chiefly of cellular ti.ssue and starch deve¬ 
loped under circumstances that opponr the fonuation of the noxious secre¬ 
tion ; and what is present may bo dissipated by heat. It is said that the 

( poisonous element in Solanacoous fruits exists in a pulpy covering of the 
seeds, not in the pericarp. It is desirable that this point should bo 
ascertmned. a 

(CoiiDiACF./R constitute an Order, chiefly consi.iting of tropical plants, 
sometimes combined with the Boraginncea:-, from which they differ in the 
twisted festivation of the corolla and the plaited cotyledons. From Con- 
volvulace® they difler in their superior radicle and the absence of albumen. 
The Order is remarkable for the plaited cotyledons of the embryo. The 
fruits of Cordia Mgxa and tqtij’olia are called Sebestens or Sebesten plums, 
and» with those of other specits, ore edible.) 

(Nolanace.*! are a small group of South-American plants leferred by 
some authors to Convolvulace.n, by others to Boraginacero, sometimes 
erected into a distinct Order on account of the valvate calyx, plaited re¬ 
gular corolla, the ovary of fi-20 carpels, either distinct, or when ntimorous 
combined into several sets, seated on a fle.shy disk, with a single style and 
stigma j the embryo curved, in little albumen. The chief distinction from 
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Bora^acere lies in the 5-merou8 ovaiy and the absence of the scroU-like 
inflorescence; they .may be regarded as aberrant forms of that Order, 
Some species of Nomui are cultivated in g^ens for their showy doweii, 
somewhat resembling blue Convolvuli. Their properties are unknown. 
Genera: Nolana, L.; Alona, Lindl.) 


OiiDEii CIV» BORAGINACE,®. The Bugloss Order. 

Cliiss. Nuculiferse, Endl. All. Echialea, Lindl. Coh. Verbenales, 
Beiith. et JIooTt. 

462. Diagnosis. —Chiefly roughly hairy herbs (not aromatic), with 
alternate entire leaves, a acoi’pioid infloreseenee, and symmetrical 
flowers with a 5-parted calyx, an hypogynous, regular (rarely 
slightly irregular) 5-lobed corolla, .6 stamens springing from the 
corolla-tube; ovary deeply 4-lobed, the lobes surrounding the base of 
the single gynobasic style, and forming when ripe 4 indehiscent 
1 -sccdcd aohenes in the bottom of the persistent calyx ; stigma simple 
or bifid; seeds separable from the pericarp, exalbuminous; radicle 
superior. 

Illustrative Genera. 

Ecliium, L. Symphytum, L. Lithospermum, L. 

Uorago, Tournef. Anchusn, L. Myosotis, L. 

AfBnlties.—The 4-lnbe(l ovary and fruit of this Order agree exactly 
with those of tlie laibialie, in which the irregular corolla, didjuiamous 
stamens, opposite loaves, and square stems difter widely. This character 
of the ovary does not occur in any other regular .o-androus monopetalous 
Order. The Ntdanacese .md J<lhretinpeie depart from the general type of 
thi.s Order. Ehretiaceai seem to bear the same relation to the proper 
Boraginneeae as the Verbeuacete to I.abiatie, having confluent carpels, 
terminal styles, and a .shrubby or arborescent habit. The corolla mostly 
pre.sents a coronet of scales in the throat, which some incline to regard as 
abortive stamens. 

Distribution. —A large Order, the species of which are mostly natives 
of temperate climates in the northern hemisphere. 

Qualities and Uses.—'I'he plants of this Order, remarkable for their 
rough foliage, have a reputation as mucilaginous and cooling herbs. 'Hieir 
chief importance lies in the dye furnished by the roots of Anchma tinc- 
toria (Alkanet) and various species of Echittm, Ommna, &c., and the beauty 
of their flowers, whence the genera abovfl cited include many common 
garden plants. The Forget-me-not is n native species of the genus Myos~ 
otin. Many Boraginacem occur wild with us. 

(EunRTiACKA? consist of a group of plants separated from Boraginace® 
by some authors on account of the coherence of the carpels and ihe ter¬ 
minal style (which is gynobasic (§ 228) in true Boraginace®) and a dru¬ 
paceous fruit. Some genera have albumen, others not. They seem to be 
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as distinct here as Verbenacoju from the Tjabiatse j but the agreement is 
very close at some points in both cases.^ They are ^so nearly related to 
the Cordiacese; but the latter have twisted sestivatjon and plaited coty¬ 
ledons. Most of them are tropical trees or shrubs. None are of much 
importance: the drupes of some Wiretiff are eaten; the Heliotrope (//«- 
liofropinm pemvianttfn) is universally known for its delicious odour. 
Genera: Ehretia, L.; Toiirnefortia, K. Br.; Ileliotropium, L., &c.) 


Order CV. LABIATiE. 

Class. Nuculiferte, Eiull. .4/?. Echiales, Lindl. Coh. Verbonales, 
Benth. et Hook. 

463. Diagnosis .—Chiefly herbs, with square stems and opposite 
aromatic leaves; flowers with a more or loss 2-lipped, hypogynous 
corolla, didynamous or diandrous stamens; ovarj- deeply 4-lobed, 
the lobes surrounding the base of the single gynobasic style, and 
forming, when ripe, 4 indehiscent 1 -seeded achcnes in the bottom 
of the persistent calyx; stigma bifid; seeds erect, with little or no 
albumen. 

Character. 

Cahjx inferior, pemistent, tubular, 5-mcrous, with the odd sepal 
posterior; the limb regularly 5-or 10-toothcd, or irregular and 
bilabiate (fig. 396), 3- to 10-toothed. 

Corolla hypogynous, monopctalous, bilabiate; the upper lip entire or 
divided, arched or almost suppressed; the lower lip usually larger 
and 3-lobcd (fig. 397). 

Fig. 398, 



Fig. 3W. Calyx of Salvia. 

Fig. 397. Corolla of Salvia, 

Fig. 398. Corolla of Olichoma opened, showing the didynatnoni atamens. 


Stamens springing from the corolla, 4, didynamous (fig. 398), or some- 
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times 2; anther 2-cclled or apparently 1-celled from the appo¬ 
sition of the cells at the apex, or with the filament or connective 
bifurcate and bearing either 2 single cells or 1 perfect c^ and a 
sterile process. 

Ovar)/ deeply 4-lobed, on a fleshy disk, 4-celled, each cell with 1 erect 
ovule; style simple, arising from the bottom of the carpels; stigma 
forked. 

Fruit composed' of 4, or, by abortion, 3, 2, or 1, dry, separab]^, 1- 
seeded portions, surrounded by the persistent calyx; seeds with 
little albumen; cotyledons flat. 


lui.USTnATlVK (lENKHA. 


liSvandula, L. 
Jlf'iitha, L. 
Salvia, L. 
Ko.smarinus, L. 
Origanum, L. 


Thymus, L. 
TIv.ssopiis, L. 
Prunolla, 7,. 
laimium, L. 
Stachys, Benth. 


Marrubium, L. 
Ballots, L. 
Phlomi.s, L. 
Teucrium, L. 
Ajuga, L. 


Affinities. —.\a regards the structure of its ovary, this Order agrees 
c.vactly with Boraginaeeas, from which, however, almost all its other 
characters distiniruish it. Among the didynamous unsymmetrical mono- 
petalous Orders, no other group approaches this structure but Verbenace®, 
which are distinguished by the greater degree of coherence of the carpels 
ami the teniiinal style, as the Ehretiace® are from lioraginace®; out 
tho .separation of those Orders is sometimes difficult. Disregarding the 
ovary, the cliaraoler of the corolla and stamens connects Labiatao with 
Scrophulariaceie and its allies, especially when they have opposite leaves 
and .square stems. 

Tho morphology of tho corolla and stamens is very interesting in this 
Order, as it is in the SiTophulariacetu ; the didynamous structure arises 
from the want of the po.sterior stamen, and in the diandrous genera it is 
the anterior pair that remain.s. The foliage of the majority of plants in 
this Order is studded with microscopic glandular haim, containing the 
es.sontial oils to which they owe their remarkable, fragrance. Various 
species of Salvia have hairs upon tho testa of the seed, containing a spiral 
fibre, somewhat as in Polemoniace®. 

Distribution.—A very large Ord<‘r, the species of which are principally 
natives of temperate climates ; but the more fragrant kinds occur most 
abundantly in tne warm temperate ^i<l drier regions. 

Qualitios ana Uses,—The most striking qualities of this Order depend 
upon the presence of aromatic or fragrant c.ssentinl oils, which render 
some of them valuable stimulants and antisjvusmodics, othci-s favourite 
flavouring herbs for culinary pmqiosea, others important ingredients in 
perfumes, &c. Some are also regarded as tonics. The fleshy subter¬ 
raneous rhizomes of Stachys palustris are sometimes cultivated as a table 
vegetable ; and tho tubers of ou Ocimum are said to be eaten in Mada¬ 
gascar. 

Of the carminative aromatics, the Mints, Spearmint {Mentha viridis), 
Peppermint (Jtf, Piperita), Penny-royal {M. Pulegitim) are among the 
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best-known. Other species of Mentha have similar properties; Hedeoma 
pulegioides, the Penny-royal of the United States; Lavender, 
tera; together with the inferior French Lavender, L. Spica, the oil of 
which, however, is chiefly nsed in the arts (oil of Spike), and others : 
many allied species are used in different countries in the same way. The 
essential oils of some kinds commonly used as flavouring herbs are also 
used in veterinary medicine. Among the best-known of these, besides 
Mint, are Thyme (Thymus SerpyUwn and other species). Marjoram (Ori- 
ffanu^/i, various species), Basil (Ochnnm, sp.). Savory (Satiireia, sp.), 
Sage (Salvia officinalis and t/ramliflora), See. As perfumes. Lavender, 
Patchouli (Poyostemon Patchouli), Mentha citrata, Rosemary (Rosmarinus 
nfficinalU),imA others are largely used. Ilorehound (Marrubium vult/are) 
is an old-fashioned remedy for coughs; Ground-Ivy (AVyicte Glechoma), 
Balm (Melissa officinalis), and others are used by the country-people for 
the same complaints. Monarda fisluhsa (a North-American shrub) and 
Origanum Dietamnus (or Dittany of Crete) are reputed febrifuges. Stnchgs 
Betonica has been regarded as a sternutatory, but perhaps acts mechani¬ 
cally : its root is said to be purgative and emetic; but this seems unlikely 
to be tnie. 

Many plants of this Order decorate our gardens, and many species are 
wild in Britain. 


Order CVI. VERBENACE*^:. The Vervain Order. 

Class. Nuculiferaj, EncU. All. Echiales, Lindl. Coh. Verbeuales, 
Benth. et Hook. 

•fh 

461. Diagnosis .—Herbs or shrubs wdth oppo.site or alteniate leaves; 
flowers with an hvpogynous more or le.ss 2-lipped or irregular corolla and 
didynamous stamens; style terminal; the 2-4-cellod fruit dry or drupa¬ 
ceous, usually splitting when ripe; into a.s many l-seeded, indehiscent 
nucules; seeds erect or pendulous, with little or no albumen. 


Illusthativf, GESEnA. 


Suborder 1. Veuben'EA!. Ovules as- | 
vending; seed exalbuminous: leaves | 
opposUe. I 

Verbena, L. | 

Lantana, L. 

Tectona, L. 

Clerodendron, L. 

Vitex, L. 


Suborder 2. Myopohea?. Ovules 
jii-ndulous; seed albuminous; leaves 
alternate. 

Myoporum, Bks. ^ Sol. 
Avicenuia, L, 


AAnltiM.—^Principally distinguished from Labiates by the terminal 
style and moK coherent carpels. The Mynporete can hardly be separated 
from the V^beneee ; and perhaps 8elamnace(e should be appended as an 
aberrant form. 'Hte structure of the mdt separates tihis Order from Scro- 
phulariaoem and its allies. 

iMstrlirattoB.—large Order, chiefly tropical; the Verheneee common in 
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temperate South America, and a few scattered in all regions. The Avt- 
cennia grow, like Man^oves, in tropical salt marshes. 

Qualities and Uses.— ^hose of the Verbewee are much the same as iif 
Labiatse : Aluysia cUriodora, the cultivated “ Lemon-plant” or ‘‘ Ver¬ 
bena,” is an instance of fragrant properties; many species of LatUana are 
fragrant or foetid ; some are used as substitutes for Tea. Vitex Agnm- 
castm, V. Neyundo, and others have acrid fruits. Tectona grandis is the 
Mast-Indian Teak-tree, celebrated for its hard heavy wood (African Teak 
is from a hhiphorbiaceons tree). The bark of Avicenm'a tomerUoaay the 
White Mangrove of Brazil, is used for tanning. Clerodendrons are hand¬ 
some stove-slirubs. 'J’he brilliant Verbenas of our gardens are mostly 
varieties of Verht'tui chamcedrifolia and allied species. 

(Sei.aginaof,.s-: are a small group difl'ering from Verbenacero princi¬ 
pally in having 1-celled anthers; in Olabularia the carpels are reduced to 
one. Hence there appears a connexion between them and Salvadorace®, 
which approach Verbenacea' and Jihretiea among the Boraginaceao in 
other points. Some of tlie jdants are Kiiropean ; most of them belong to 
the Cape. Ghhularkfi have purgative and emetic properties. Genera: 
Svlago, L.; (ilubnlaria, L.) 


Ordkh evil. ACANTHACEiE. 

Class, PersonatcB, Endl. AIJ. Bignoniales, ZiW/. Coh. Personales, 
litnth. et Hook. 

Diagnosis .—Herbs or shrubs with oppowte simple leaves; flowers 
irregular, bracteated, with an imbricated hyjiogynous more or less 2-lipped 
corolla, didynanious or diandroiis stamens attached to the tube of the 
corolla; fruit a 2-celled, 4-12-8eeded capsule; seeds anatropous, exalbu- 
minous, usually flat, supported by hooked or cup-shaped projections of the 
placentas; radicle inferior. 

Illustuative Gf.neiia. 

Thunbergia, L. j Barleria, L. 1 .\dhatoda, Nets, 

Buellia, Z. | Acanthus, Z. | Justicia, Z. 

AfOnitleiL—^This Order is closely related to Scrnphulariace® and Big- 
nnniaceie, differing from the former in the exalbuniiiious seeds, from the 
latter chiefly, so far as written characters can be given, in the stracturo 
of the placenta and in the seeds not lK>ing winged. Generally speaking, 
the large bracts of the inflorescence, and the imbricated calyx of une^al 
sepals, fflve a peculiar and characteristic appearance to these plants. The 
seeds of Acanthodium, and other spebies have a testa clothed with 

curious compound hairs containing spiral fibres. 

Dlatribntlon. —^A large Order, okiefly tropical. 

Qucaitles and Uses. —Mostly without active properties. The most 
striking peculiarity lies in the beauty of the flowers of many kinds, which, 
renders tnem gpreat favourites in our stovea A canthtt s mollis is interest¬ 
ing from its leaves having, it is said, fumidied the'model of the^Cqi^thilui 
capital, , 
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,Okdek CVIII. BIGNONIACE. 1 E. The Trttmpet-klower 

Order. 

Class. PcTSonatas, Endl, All. Bignoninles, Liiicll. Cuh. Personales, 
liciUli, et Hook. 

406. Diagnosis, —AVoodj', or rareh' herbaceous plants, often twining 
or climbing, with exstipulate leaves, hx'jiogynou.s monopctalous corollas, 
didjnamous or diandrons .stampn.s; the ovary commonly 2-celled, by the 
meeting of the 2 placentas or of projections from them, .surrounded at the 
base by a disk; many-seeded; the seeds large, winged, with a flat embryo, 
and no albumen. 

Illustrative Genera. 

Bignonia, L. Catalpa, Scop. 

Teconia, Juss. Eccremocarpu.s, E. If P. 

AfiBnltles. —The exalbuminous character of the seeds separates this 
Order from Scrophulariaceie. From Acanthaceie there is le.ss marked 
distinction ; but the winged and ses.sihi seeds, together with the general 
habit of the inflorescence, mark the diflerence, Ercremocarpus approaches 
closely to Gesneracete: and these, with Pedaliaceie and Cresceiitiaceie, 
are chiefly separated by the want of eoln'renco of the placentas in the 
a.\is (the exceptional case here in Eccremocarpus) and the absence of a 
wing to the seeds. -Many Bignoniaceie are remarkable for the structure 
of their woody stems, which have the wood di\dded into segments by 
broad wedge-shaped processes of the bark: the segments are 4 in 
young stems, forming a cross in the transverse section ; 8, and even 
16 lobes appear in the woody layers of subsequent years. The broad 
paper-like wing of the seeds of Biynonuc has a very elegant inicioscopic 
stmeture. 

Diatributlon,—A considerable family of mostly tropical plants; the 
Trumpet-flowered climbers form strikjpg feiitures of American forests. 

Qoalitiea and Uses. —Many of the plants of this Order are used in 
Brazil for various purposes, stmh as dye.s, mediennes of varied acUion, 
timber, &c.; but none aiv of very great importance. Their beautiful 
flowers, often large and brightly coloured, render them very attractive. 
Teeoma radienns, Eccrnnocarpas scnhcr,kc. are common garden climbers; 
Catalpa syringafolia is a handsome tree wit-h showy blossoms, hardy in 
this country'. 

(Pkdaijacea! are chiefly distingui.ohed from Bignoniacem by their 
generally wingless seeds, ami by their ditferent habit Seaamum mav be re¬ 
garded as intenriediate between the Orders just name^ while Martynia 
establishes a transition to Gesneracere, of which Oriler Pedaliacem, or, as 
they are sometimes called, Sesamese, ate con.sidered by some to form a 
trim. They are chiefly tropical; the most important member of the (froiip 
is Sesamum orientak, which is an object of cultivation in the East lor its 
seeds, fium which oil resembling Olive-oil is obtained. Some of the 
species are in cultivation, among them one or two species of Martynia 
remorkablp for the two long lionis to the fruit.) 
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(CnESCENTrACR;B are al!5f) very near to the Gesneraceae, and chiefly 
separated by the arborescent habit and larjye amygdaloid seeds ; the caljx 
also is free, and its limb splits irregularly. From Pedaliacese the fruits and 
the amygdaloid seedsdivide them. The indehiscent fruit and wingless seeds 
si'parate them from Bignoniacem and Acnnthaceae, and this, together with 
the want of albumen, from Scrophulariaceas, Solanace®, and Lentibulaceae. 
This Order is tropical, mo.st developed in the Slauritius and Madagascar. 
Cresccntin Vujete, the Oalabash-tree, has a fruit like a gourd, with a hard 
shell applicable to many useful purposes, holding liquids, forming floats 
for rafts, &c. The subacid pulp is oaten. Parmentiera cerifera (Panama) 
has a long slender fruit, and is called, from the shape of this, the Candle- 
tree ; it is a favourite food of cattle.; 


Order CIX. GESNERACEiE. 


Class. Personatfc, Endl. All. Bignoniales, Lindl. Coh. Personales, 
lienfh. et Hook. 

407. lilaj/nosis .—Soft woody shrubs or herbs, somewhat succulent, 
with opposite or whorled wrinkled leaves, without stipules; flowers ir¬ 
regular ; corolla perigyiious or hypogyiious, luonopetalous; stamens dian- 
drous or didynaiuons with a riidiiiieiitary fith ; ovary half-superior, with 
a ring of glands or a disk, 1-cidled, with two 2-lobud parietal placentas ; 
fruit capsular or succulent; seeds numerous, with or without albumen; 
cotyledons much shorter than tlie radicle. 


Ir.LUSTIlATIVE Ok.vera. 


Suborder 1. Oesneuk.'e. Stv.ds \ 
with a Utile alhumen; calij.v partly \ 
adlunmt to the rnpsidar fruit. 
Gesnera, Mart. 

Achiiueiies, P. Br. 

Gloxinia, JTcrit. 


Suborder 2. CYnTAXDHE.®. Seeds 
without alhumen; fruit free, capsu¬ 
lar, twisted, or baccate. 
^•Fscbyiiantlius, Jack. 
Streptocarpus, Lindl. 
Cyrtaiidrn, Forst. 


Affinities, Ac. —The Gesiicracpic have niiicb the aspect of Scrophu- 
lariacete; and the flowers very much resemble those of Bignoniacem, but 
their placentas are decidedly jiarietal; and although Fcenmocarpus con¬ 
nects tlieiii with Bigiioiiiaceie, its winged seeds and large cotyledons 
still mark the difference from Gesneracem. The parietal placentas resemble 
tho.so of Orobanchacea), which connect the Order further with Scro- 
phulariiiceic; but in the Gesnerece, where the seed.s a^e albumiiioiis, the 
calyx is more or less adherent to the ovary. They are tropical plants :— 
the Gesnerete American; the Vyrtandrea more difl'u.sed, but chiefly Eastern. 
They are of no great importance (fe regards their properties: some Gesnera 
have edible fruits: the mo.st interesting point about them is the beauty of 
the flowers. Most of the genera above cited are found in collections of 
stove-plants; in their native habitations they are often epiphytic. 
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, Order CX. OROBANCHACEiE. Broom-Rapes. 

Class. Personata), Endl. All, Gentian ales, Lindl. Coh. Personnles, 
JBentli. et Hook. 

468. Diagnosis .—^Fleshy herbs destitute of green foliage (root-para¬ 
sites) ; corolla monopetalous; stamens irregular, hypogynous, didy namous; 
the ovary 1-celled, with 2-4 parietal placentas ; capsule with very nu¬ 
merous seeds, which are minute, albuminous, with a very small rudimen¬ 
tary embryo. 

Ini.usTiiATrv’E Geneua. 

• Orobanche, L. |' Lathrma, L. 

Afflnltles, *0.—This Order is especially remarkable for the parasitic habit, 
the fleshy texture, scale-like leaves, and the absence of chlorophyll, in 
.which particulars the plants resemble Monotropacem ; but these are not 
characters of ordinal value, and we see them running into the nearest 
allies of this group, as Buchnera and Striga in Scrophulariaceie, not to 
mention the partially parasitic condition of Melampyrce. The Order is 
chiefly separated from Scrophulariacem by its parietal placentas. From 
Gentfanacesc it differs in the carpels being placed back and front, as in 
Scrophulariacese and the allied Orders, while in Gentianaceas they are 
right and left of the axis. From Gesnerace.Tj there is little except the 
habit to separate them. These plants are parasitic on the roots of many 
herbs and shrubs of very various Orders: they attach themselves im¬ 
mediately after germination, and become organically grafted; some in¬ 
crease by tuberous buds from the base of the annual stems. The Oro- 
banchaceae are bitter and astringent, and are said to be escharotic; these 
qualities probably depend on a resinous fluid secreted in the abundant 
epidermal hairs. They are comparatively numerous in Europe, North 
America, North Asia, and the Cape; some in India. 


Order CXI. SCROPHULARIACE^. 

Class. Personatse, Endl, All. Bignoniales, Lindl. Coh. Personales, 
Benth. et Hook. 

469. Diagnosis .—dhiefly herbs ; flowers with hypogynous, mono- 
■petalous, irregular corollas, the lobes of which are imbricate in aes¬ 
tivation ; didynamous, diandrous (or very rarely 5 perfect) stamens 
attached to the tube of the corolla; ovary 2-ccUed, ceUs antero¬ 
posterior ; fruit*ia 2-ccUcd,‘ihostly many-seeded copsule with axilo 
placentas ; seeds anatropops ; embryo small, in copious albumen. 

Character. 

Calyx persistent, more or less deeply 3-5-toothed, more or less 
irregular. 

Corolla monopetalous, irregular; the tube long or short; the limb 
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more or less deeply 5-lobod, or 4-lobed by the coherence of the 
2 posterior petiils, personate (fig. 400), bilabiate, rotate (fig. 399), 
sometimes spurred. 

Stameris 2, 4, and didynamous (fig. 403), or with the 5th (posterior) 
perfect, sterile, or represented by a petaloid tooth (fig, 401), at¬ 
tached to the coroUa; anthers 2-celled, or 1-celled by confluence 
or by suppression. 

Ovary 2-colled, with axile placentas bearing usually numerous ovules; 
style and stiyma simple, or bifid at the apex. 


Fruit capsular, rarely baccate, 2-cclled, dehiscing by 2 or 4 valves, 
or by pores, or indchiscont; seeds mostly numerous, albuminous. 


Fig. 399. Fig. 401. 



Fig. Corolla nnd st-ftmons of Veronit'n. 

Fig. 40). Calvx nnd corolla of 

Fig. ‘ 101 . Corolla, laid open, with didyiiauious stamens and staminodc, o(‘^^erophulark 
Fig. 402. Diagram of flow<*r of ffcrophtthirui. 

Pig. 403. Didynamous stamens of I)iffi(alut. 


Il.l.USTnATlVE Gexera. 

♦Salpiglossis, It. 4' P. | Paullowuia, Ziirc. j Veronica, L. 
♦Sehizanthus, It. ^ P. < Sc-rophularia, Toiirnef. i Bartsia, L. 
Calceolaria, P'euiU. \ J’<'ntstemon, L'lIerU. j Euphrasia, L. 
Vei'ba.scuin, L. Mimulus, L. lihmanthus, L. 

Linaria, Tournef. Limosella, L. Pfjdicularis, L. 

Antirrhinum, L, Digitalis, L. Melampynun, L. 


Afflnitle*. — This largo Order exhibits considerable variety of conditions, 
wheiiee its affinities become somewhat coniple.v. It is frequently divided 
into three Suborders, thus;— 

1 . Sii/niylossideo!. ^Estivation of corolla plicate or imbricate, two pos¬ 
terior looes outside. 

2. Aniirrhinea. Corolla bilabiate,' imbricate in cestivntion, the pos¬ 
terior one outside the anterior one. 
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■8. Shinanthfa. .iEstivation imbricate, the two lateral lobes or one of 
them placed outside. 

' The near connexion with Solnnacere, shown in the close relationship 
between Salptyloisi* and Petunia, is mentioned also under that Order, 
where a reference is made to the proposed transfer of the Salpiglossida: 
■ (marked above with an *) to the Order Atropacete of M icrs. Mr. 1 lentham 
detines the present Order by referring to SoJanaceie the ffenera which have 
at once 5 stamens and a corolla plaited in mstivation; Petunia has a 
plaited corolla and 5 stamens, which, however, are uneciual and declinate, 
and thus approach to iSalpiylosiis, where the corolla is verj’^ similar, but 
the stamens truly didynamous. VerhaMwn, having o stamens, is some¬ 
times refeiTcll to Solanacem; but one at least of the stamens is commonly 
#terile, and its corolla is imbricated. . In another direction, Scrophulnria- 
ceee approach some of the forms of the very heterogeneous Loganiacem, 
and’ IJeutham regards it as advisable to refer BvMleia and its allies, gene- 
'rally eonnted among Scrophulariacere, to that Order, as the only menus 
of setting a delinite boundary between the Orders, these genera having a 
transverse ridge connecting their oppeesite leaves—an indication of the 
characteristic mteipetiolar stipules of Aoganiacete. With Orobanchacea;, 
again, the conne.xion'is close, especially through the root-parasitism of 
many genera, all of which approa<-h closely in the general structure of the 
flower to Orohamhe: fur the caipels are really anterior and posterior in 
.that Order a.S'they are here, atid the main distinction is, that the margins 
are not folded-itf to form a dissepiment, so that Orobnnchaceaj have pa- 
netal instead of a.\ilo placentation; to which is added their minute rudi- 
mentaj’y'embryo. A general resemblance exists between the present 
Order and the 'other didynanious monopetalous Oi'ders; but (f esneracea', 
Pedaliacete,^iid Crescentiacefe have parietal placentas ; liignoniaceie and 
Acanthaceie have exulbuminuus seeds, and Lentibuhiceui a free central 
placenta. 

The morpholog}' of the corolla in this Order is well deserving of atten¬ 
tion : curious monstrosities not unfrequently occur in cultivation, in which 
the normal irregularity is obliterated by a repetition of the pouches, 
spurs, or similar developments fh each constituent petal, as in Linaria, 
where a 5-epurred corolla occurs with a symmetrical limb (I’elorian ^a- 
rfety)—in this instance the regularity is duo to the increased number of the 
usually irregular parts (in other cases the flower becomes perfectly regu¬ 
lar by the complete absence of pouches and spurs),— Calceolaria with a 
somewhat campanulate, regular corolla, &c. Many of the Scrophularia- 
ce® are piu’asitic upon the roots of other plants, as, for example, Melam- 
"pyrum, Mhinanthus, and their allies, which, however, appear to b(! only 
partly nourished in ^his way, having distinct roots; they are remarkable 
for turning black when dried ; Htriya, an exotic genus, is still more dis¬ 
tinctly parasitical; ejaUBuchneiv hytlruhadeitsis has scale-like leaves similar 
to those of Orobanche. In some of the genera (JUimuhte &c.), wliere the 
style is divided at the apex,, it is developed into two flat laminae, which 
exhibit irritability. 

Diatrlbn,tjp£—A very large group, tlie .species of which are universally 
diffusedAn^»ry abundant. 

• TT»es.-^More or less acrid, or bitter; mostly unwhole¬ 

some; spsneMife deadly poisons. Diyitalis purpurea, our native Fox¬ 
glove, ftp t^Sbmal plant, IS an extremely powerful sedative poison, both 



coBOLimoiia:. 


33fi 

in the foliagfe and the seeds; the allied species I), lutea, ochroleuca^ 
la-vu/ata, &c. are equally active. The species of Verhascum have a" share 
of this property, especially in the seeds. The ScrophidaritB, lAnaria, and 
Vmmk«! are all more or le.ss hitter and acrid, and auspicious; OratioUx 
violently ])iirgativo and emetic. 

This Order is remarkable for the number of beautiful flowering herbs it 
contains. The Snap-dragon, or Dragon’s-mouth (Antirrhinum hiajm), 
the species of Veronica, Mimulns (of which the Musk-plant, M. moschatus, 
is remarkable, among plants of this order, for its fragrance), Linaria, Pent- 
demon, Calceolaria, Mauramlyu, &c. are in every gardeq; afld of their 
numerous exotic allies a long list will be found in all horticultural col- 
lectlims. A large number of showy-llowcred native weeds belong to this 
Order, such as the Toad-flax (Linaria ralyari.t) and several other speSlbs 
of Linaria, the Speedwells (Veronica), the Ited Rattle (Pedicularu) and 
the Yellow Rattle (Rliinanthus) ( so called from the ripe seeds rattling in 
the dried inflated membranous capsules), the Foxglove, Mulleins ( Ver¬ 
hascum), &c. 


Order CXII. LENTIBULACE/E. Butter-worts) 

Class. Porsonat.Tj, Endl, All, Bignhjiales, Lindl, Coh. Personales, 
Benlh. et Hook. 


470. Diagnosis. —Small herbs growing in ^\ ater or wet places ; flowers 
with a 2-lipped calyx and a noii-hyiiogynous 2-lipped personate corolla ; 
stamens 2, with (confluent) ]\ellea anthers; ovary 1.-celled, with a free 
central placenta bearing sevcraranatropous seeds, with a thick straight 
enibyo and no albumen ; stigma bilabiate. , 


ILi.rST};.vnvK 0t;xE ha. 

IJtricularia, 71. | Pinguicula, Tournef. 

Affinities. —ThisOrder is interesting, both from the habit.s and appearance 
of the plants, and from its ailinities ;—on the one hand with the irregular, 
didynnmou.s monopetahms Orders, 


F'ig. 404. 


Fig. 406. 


through Scrophulariaceaj, with 
which it agrees m the calyx, corolla, - 
and stamens; and on the other 
hand with the regular Monopetahe, 
through Primulaceto, with which it 
is connected by the free central pla¬ 
centa. The structure of the leaves 
of the UtricularitB, especially that 
of their pouches or air-floats (tig. 

406), is very curious. The plants are 
foimd in all parts of the globe; the « v, 

Utriadariee are aquatic, one curious Brazil^ah species (U. uehimbt- 
folid) growing in the water retained in the axils of the sheathing leaves 
of a TiUandaia. Pinpuienla are bog-plants; and P. vulgaris is said to 
have the property of coagulating milk. 



Fig. 404. Flower of Utriruhria, 

■ Fig. 405. Air-sac of the leaf of Ufrieulana. 
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SCBCLASS 4. INCOMPLETJE. 


4714^ Dicotyledonous plants with., a green or coloured calyx and 
no petals, or with a calyx-like perianth of more than one whorl, or 
with the floral envelopes reduced to one or more bract-liko pieces, 
pr.altjigether absent. Flowers often unisexual. 

■ The above characters are more or leas artificial, and bind together a 
rathe/heterogeneous series of order.s. ^auy of them are merely degraded 
formp'Of Thalamifloral or Calyoilloral type.s. The group is sometimes 
divided into two subdivisions, called Monochlamydefe and Achlamydero, 
according as there is or is not a true calyx or perianth surrounding the 
stameN^ and pistil. Many of the plants in this group have unisexual 
flow€ra grouped in cones or catkins. 


OflnfiR CXIII. POLYGONACEiE. 


The Sorrel Order. 



Coh. C'henopodiales, 


472; Diagnosis .— Herbs with alternate leaves, mostly furnished 
with stipules in ‘the form of sneathi (ocretf) above the swollen 
join^of the stem; the flowers mostly perfect, with a more or less 
peorfront perianth ; stamens hypogynous, or very rarely perigyiious ; 
(TTreeUed ovary bearing 2-3 styles or stigmas, and a single erect 
orth^opous ovule; fruit a triangular nut enclosing 1 erect seed, 
usuaHy with farinaceous albumen and an inverted embryo. 


Eriogilfnufn, L. C. JRich. 
Bheu^^ L. 


iLLCSTBATn'E GeNEBA. 

] Polygonum, L. 1 

I Coccoloba, Jacq. | 


Eumex, L. 


—The commoner plants of this Order may be distinguished 
by the peculiar ocreaccous stipules (fig. •'iSj, which; however, are wanting 
in Ertoqonum and some other genera: the most distinctive charac¬ 
teristic 18 the solitary erect seed with its embryo havii^ the radicle turned 
upward; this separates it ^om its neaf," hllies, the Chenopodiacese and 
^anarantace.'c, from which also the perianth and the ocrese remove it; 
also from the Nyctaginacese, to which the involucratc flowers and abortive 
stipules of Erioffoneee approach. There is a further relation to Caryo- 
^lyllacese through the I’.aronychiaceffi. 

^JMatmratlon.—A large Order, the members of which are universally 
diffused, especially abundant in temperate climates. 

' Qualities and Uses. —The foliage of these plants is frequently cha¬ 
racterized by the presence of an acid juice, depending on the presence of 
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oxalic and malic acids, or by an acrid, pungent juice; some are strongly 
astringent, while the roots are generally more or less powerfully purgative ; 
the starchy albumen o'f the seeds is sufficiently abundant in some species to 
furnish a valuable substitute for corn. Among the useful acidulous kinds 
are the garden Khubarb, Rheum undidatum, R. palmut.um, &c.; the Sorrels 
{Rumex scutatus, R. A cetom, and R. Acetmellu) are familiar plants. Rheum 
Itihea is used for ttavouring sherbet in the East; and some other exotic 
plants hjive like properties. Rohjfjonum llydropiper, a common* native 
weed, is very acrid, oven vesicant when fresh. IK Ristorta was fbrmerly 
in use as an .‘istriugent; and Cucco/oha uvifera, tho Sea-side Grape of the 
West Indies, furnishes a very astringent extrdct. The Itl\ubarb of fhedi- 
cine consists of the roots of Rheum paimatum, undulatum, rhuponticum, 
Emodi, Wehbianum, and other species; the roots^of Rumex alpinus were 
formerly used as a purgative under the name of Monk’s Khubarb. Fago- 
pyrum escuientum, common JJuck-wheat, F, taturicum, and other species 
are largely cultivated for food in the northern parts of Asia and of Eastern 
Europe. The common Docks are species of Rumex, 


Ohder CXIV. NYCTAGlNACEiE. The Marvel-of- 
Teru Order. 

Class, Oleracem, Emil, All, Clienopodales, ‘Lindl, ' Coh, Nyctaginales, 
Reath, vt Hook, 

473. Diagnosis, —Herbs, shrubs, (u- trees, mostly with opposite and eu- 
tirt) leaves; stems tumid at the joints; flowers surrounded by an invo¬ 
lucre, with a d('lic>ate, tubular or funnel-shaped petaloid perianth; upper 
part ilecidiious, lower part pur.si.steut, constricted above the 1-colled, 1- 
seeded ovary, and indurated to form the pericarp (diclesiiim); stamens 1 
or several, slender, hypogynous; the embryo coiled round tke outside of 
the nualy albumen, with broad foliaeeous eotyledous and an inferior 
radicle. 

Illusthative Genera. 

Boerhoavia, L. | IMirabilis, L, | Pisonia, Plum, 

Affinities. —The nearest relatives of these plants are probably the Poly- 
ponaeeie, especially the tribe of Erioyon ^; but the inferior radicle and 
the peculiar fruit enclosed in the indurated base of the perianth are evi¬ 
dent distinctions. Tho stems of the.se plants, e.specially of the J'isonire, 
have a cuiious niTangeiuent of their libro-vascular bundles. 

Distribution. —Natives of waiHi climates, chiefly in the S. heigisphere. 

Qualities and Uses, —The roots of the N'yctJlginaceie are generally pur¬ 
gative ; and Miruhilk JaUtpa was formerly supposed to be the source of 
medicinal Jalap. Aliraiglis dicltctoma, the Marvel of Peru of our ganlens 
is remarkable for opening-its flowers in the afternoon, whence it is termed 
die Four-o’clock Plant; both this and M, Icmgijlora, another cultivated 
ipecics, are violent purgatives. 
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'/ <• Obdeb CXV. AMARANTACEiE. Amabanths. 

# * 

C/ass. Oleracece, All. Clienopodales, Lindl. Coh. Chenopodiales, 

* JSenth. et Hook. 

474.'Dtapnosie .—Weedy herbs, with opposite or alternate exstipulnte 
leaves, and spiked or capitate, bracteated inflorescence; the flowers mostly 
with an imbticated perianth of dry and'scarious persistent bracts, often 
coloAed, 3-5 in nulnber; occasionally unise-xual; stamens S-merous, hy- 
pogynous; anthers sometimes 1-celled; the one-celled ovary usually 1- 
ovuled*, ip on e trib e (Celosiese) ni;my-oyuled; style 1 or 0; stigma sim- 
’ple or compound: fruit a utricle, a caa^psis, or abeiTy ; seed pendulous, 
with the embryo'^curved ajund thtfcircumferenco of farinaceous albumen; 
the radicle near the hilum. 

Illustrative Genera. 

Celosia, i. s Achyranthes, Z. 

Amarantus, Z. Gomphrena, Z. 

Afiaaitles.— No absolute cjjaractor can be given to separate this Order 
from the Chenepoaiacere; but the h^bit, especially the crowded bracteated 
inflorescence and the membranous ’perianth, renders them very different 
in appearance. Their more distant relations are the same as those of that 
Order. 

Distribution.—A large Order, the species of which are most abundant 
within the tropics, in dry, ban'en situations. 

Qnalltles and Uses.—Geuerallv with somewhat mucilaginous juice, 
seldom with active properties, 'fho species ofAmurantus, such obA, vau- 
datm, Love-lies-bleeding, and A. hypoehomlriacm, Prince’s-Feathere, are 
well known in gardens fgr their bright-coloured and persistent blo.ssoms— 
as are also the Inore tender Globe Amarantus {bumphrena) and the 
Cock’s-comb (Celoaia cristatu), the latter remarkable for its fasciated 
flowering^stem. 


ObdeHCXVI. CHENOPODIACE.^; The Spinach Obdeb. 

Class. Olerace®, Endl. All. Chenopodales, Idndl. , Coh. Chenopodiales, 
Benth. et Hook. 

^ ' 475 . iWaano^.—Chiefly herbs, of weedy aspect, more or less 
stKKjiflent j leaves mostly(alte^|e; no sliptdes, nor scariouk bracts; 
flowers perfect, polygamous or ^Ipnous, miaute, greenish, with the 
/free perianth imbricated in the bud; the sipmenB as many as the 
perianth-lobes, QjrtArely fewer, and inserted opposite to them or on 
theie D»8os; the 1-celM ovary becoming a l-seeded thin utricle or 
an aehsenium; embryo coiled into a ring (around the albumen when 
present) or spii^. 
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Illustbative Geneba. 

Salicornia, Totmief. Blitum, L. I Chenopodiiun, L. ■ • 

Atriplex, L. Beta, Tournef, | Salsola, L, 

Atanlties. —Closely related to Amarantacea}, but differing in habit and 
in the sum of the characters. From the Phy.tolaccaceaj they differ in 
the simple ovary and the stamens equal in number and opposite to ihe 
segnientii of the perianth; from Hcleranthea they are separated by the 
simple ovary, the usually alternate'leaves, and the distinctly hypogynoua 
condition of the stamens; from the i'aroViyc/ihie'paiticularly by the ab¬ 
sence of stipules ; through the Paronychiacete they are nearly related to 
Caryophyllaceaj. , * , 

Distribution. —A large Order, generally diffused in waste places or in 
salt-marshes ; most abundant outside,„the tropics. f 

Qualities and Uses. —Generally bland and iiihocuouf?, the foliage often 
rendering them valuable as pot-herbs, and their roots furnishing food for 
cattle; sometimes with anthelmintic and antispasmodic properties. The 
maritime hinds were fonnerly of gi'eat value trom the quantity of soda 
obtained from their ariies. Spinach (Sjiitiacid ottracva), Orach (Atriplex 
Imrtensk), and English Merfimy (VheuupudiiDH Bonus Menricus) belong to 
this Order; also the Beet and Mangold Wurzel (Beta tulyaris and Cycta), 
h’rom the juice of tlie Beet, sugar is oxtiacted in considerable quantities. 
Chempodimi anthelmintmm yields an essential oil, used as an anthelmintic 
under tho name of Worm-seed Oil; C. ambr'osioiaes and Botrys also have 
an aromatic, antispasmodic osseulial oil; Chciiupodium Qiiinua forma tubers 
like potatoes, which are eaten in Peru. Halsula Soda, iiedicorma herbacea, 
and other species (^Glass-wort), with species of Atriplex, Ockoberia, &c., 
abound in salt-marshes, and were formerly much used in the preparation 
of barilla. Several species of Chenopodium and Atriplex abound in waste 
places, forming, with various hinds of Bock (itioncj"), 2WyyowMW),and hV- 
tica (Nettloj, the most conspicuous weeds of neglected cultivated ground. 

(Basf.llackaj arc a small Order of plants clo.sely related to*Chenopo- 
diucetu, ehiell v distinguished by the presence of a double, coloured perianth 
and perigynous stamens; they are tropical climbing herbs or shrubs. 
Borne species of Baselld' are used as Spinach j Utlucus tuberusus has a 
tuberous root, used in Peru like the Potato.) 

(PiiYTOLACCACKAS proper are nearly connected with Polygonacese and 
Chenopodiacem, differing from both in the presence of a number of car¬ 
pels, from the former also in the absence of stipules, from the latter in 
the stamens exceeding the lobes of the perianth. Bhytokiccea pass into 
I'cticeriea; by the occurrence of 6 separate carpels in Giesekia, while Birina 
has little albumen; the would then connect this Order writh 

the SapindacetB and their allies, while the columella of •ihe’Gyrostemonea 
would mark a distant affinity with theiMalvafceso. 

Distribution. —A small Order, scattered in all ports of the world. 

Qualities and Uses. —^More or less acrid, purgative, or emetic.) 

(I’ETivEBiEiE, separated by some authors, have stipulate leaves, single 
ovary, exalbuminous seeds, and a straight embryo with convolute coty¬ 
ledons ; and GYBOSTEM-ONitiE have unisexual flowers, the cai'pels arranged 
round a columella, twin suspended ovules, albuminous seeds, with a hooted' 
embryo having linear cotyledons, and" an inferior radicle.) 

U 2 
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. Order CXVII. LAURACEj®. The' Bay Order. 

Class. Thymelose, JEndl. All. Daphnales, Lindl. 

Benth. ei Hook. 

47G. Diagnosis .—Aromatic trees or shrubs, with 
alternate simple leaves, sometimes marked with 
pellucid dots, and flowers with a regular perianth 
of 4-6 coloured sepals, which are barely united 
at the base, imbricated in 2 circles in the bud, 
free from the 1-celled ovary containing 1 or 2 
pendulous ovules, and mostly fewer than the 
stamens; anthers opening by 2 or 4 lid-like 
valves (fig, 406); fruit a berry or a drupe; seed 
without albumen; radicle superior. 

Illustbative Genera. 

Cinnamomum, Bunn. Sassafras, Nees. Lavirus, Tountef, 

Camphora, Kees. Totranthera, Jacq. Cassytha, L, 

Nectandra, RoUl. 

Affinities. —The peculiar operculate dehiscence of the nntiiers distin¬ 
guishes this Order lium most of tlie allied Monoehlamydeons gi-oiips: from 
Atherospermaoese, which share this character, Lauraceie aredi.stinguisliod 
by their solitary carpel and pendulous ovules. The 1 jaurneciie have also nili- 
mties with Myristicaceie in the (jualities of their products; but the struc¬ 
ture diifers widely. Cassi/llin is a remarkable form, having a twining 
parasitic leafless stem like CVsewte, bearing true Lauraceous flowers. The 
fruit of some genera is curious, as that of Dehaasla, whi(di is borne upon 
a thickened peduncle, somewhat like that of Amircardium, 

Distribntlon. —A large Order, principally found in cool situations in the 
tropics; one (Laums nobilis) is a native of Europe, and a few of North 
'America. 

Qualities and Uses. —The most marked properties of these plants depend 
on the presence of aromatic oils and Camphor; but the bark of some has 
valuable tonic and febrifuge qualities, the timber of many kinds is valu¬ 
able, and the Order affords a number of edible fruits. 

True Cinnamon is the bark of Ciniiamomvin zeylanicuni ; Cassia-bark is 
derived from C. iQc^sia and other species; many other trees of the Order arc 
noted for the possession of an aromatic bark of similarcharacter, and furnish 
felse Cinnamons in South America and other countries. Camphor is pro¬ 
duced in the wood, branches, and leaves of Camphora officinarmn, and is 
obtained by dry distillation; some species of Cinnamomum contain a con¬ 
siderable quantity of this substance. The aromatic fruits of some of the 
Lauracese lumish false Nutmegs, the Clove-nutmegs of Madagascar being 
the seeds of AgalhophyUum aromalicum, the Brazilian Nutmegs those of 
Oryptocai'ya moschata, &c. 

The barl^ of Nectandra Rodion, the Bibiri of Guiana, is said to be a 


Coh. Lauralcs, 
Fig. 406. 



Stouien ul' Laurufi . 
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valuable febrifug'C; the bark of the root of Sassafras officinale is highly 
esteemed in North America for its diaphoretic powers; Boisoin odon-> 
fcrum has similar properties, and the oil of its aromatic berries is stimu¬ 
lant. The fruit of Pcrsea ijraiissima is the highly praised West-Indian 
Avocado Pear; it contains much fixed oil. 

The timber of Nertandra Rodim is the Green-heart wood of Guiana, 
remarkable for its hardness and solidity; Persea indica furnishes a kind of 
coarse mahogany in the Canaries. Camphor-wood is sometimes used by 
cabinet-niakers on account of its odour. Laurus nohilis, the Bay-tree or 
clas.sic Laurel, is a native of the South of Europe, and is hardy in the 
south of England; its aromatic leaves are used for flav ouring confectionary 
(these must not be confounded with those of the Cherry-laurel, whica 
contain mucli liydrocyanic acid); a concrete green oil, called Oil of Bays, 
is obtained from it. 

(The AxHEno.spF.nMACEE are trees like IMonimincese, but with the 
flowers sometim(>s perfect, the anthers opening by lid-like valves, and the 
albuminous seeds erect; the nuts are enclo.«ed in the tube of the perianth, 
and the persistent styles grow out into feathery awns, whence the plants are 
called Plume-nutmegs. They are chiefly distingui.shed from Monimiace® 
by their authors, which rescimhle those of r.auracem, from which they are 
distinguished by the apocarpous ovaries, the diclinous flowers, and erect 
allihniinous soeefs. ami are allied to Myristicp.ee® by the diclinous flowers 
and aromatic albumiuous seeds. The valvate anthers here, as observed 
by ])r. Hooker, indicate affinity to Berheracc® rather than to I.aumce®. 
Two of the genera, Laitrelia and Atherosperma, are natives of Australia; 
Don/phora is Chilian; they have fragrant properties, and a decoction of 
the bark of A. moschata is sometimes used as a substitute for Tea.) 


Order CXVIII. MYRISTICACE.E. 

The Nutmeg Order. 

Class. Polycarpic®, Endl. All. Menispermales, Zindl. Coh. Laurales?, 
Benth. ei Ifuok. 

477. Dia<jno,m .—Tropical trees with alternate, entire, leathery, e.xsti- 
pulate dotted leaves; flowers diclinous, npefalous, clustered or racemose; 
perianth fl- or rarely 4-fid, leathery, valvate; stamens of the barren flower 
distinct or monadelphous; anthers .'1-12, perfect, extrorse; perianth of the 
fertile flower deciduous; carpels solitary or numerous, rarely 2, and dis¬ 
tinct ; ovules 1 in each cell; fruit succulent, containing a-’seed suri'ounded 
by a lobed arillus, and having a small emliryo in copious oily-fleshy 
ruminated albumen. 

Illustrative Genera. 

Myristica, L, | Ilyalostemma, Wall. \ Virola, Auhl. 

Affinities.—The nearest relations of this Order are with the apocarpous 
Thalamiflorous Orders, more particularly Anonace®, with which they 
agree in the dotted leaves, valvate ®stivation, extrorse anthers, apocarpous 
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ovaries and ruminated albumen ; but the flowers are usually perfect in 
. that Order. The structure of the seeds connects Monimiacea) and Athero- 
spermace.iB with this Order; but the)' have opposite leaves, besides other 
peculiarities. In many points they resemble Mapmoliaceie, but difler in 
the valrate calyx, absence of corolla, monadelphotis stamens, solitary car¬ 
pel and ovule. [The resemblance to Sterculiacem seems to have been 
overlooked; nevertheless there are many points of contact between the 
present family and the tribe Sterculiem, in the apetalous unisexual flowers, 
the valvate eatyx, the monadelphous stamens, the arillate seeds. —Ed.]. 
In their active qualities and habit they somewhat resemble Laurace®. 

DistriButloit—Tropical India and America; most numerous in the 
former. 

Qualities and Uses.—Aromatic and acrid. The common Nutmepr is 
the seed of Myristicn nioschatn (Jlolnccas), Mace being the laciniated 
arillus surrounding this. Coarse, inferior Nutmegs are obtained from 
M. Oloba in Brazil, M. gpuria in the Indian islands, and other's of tho 
numerous American and East*Indian species. Tho bark and the rind of 
the fruit are acrid. 

CLacistrmacejf. are a small group of shrubs belonging to the woods 
of tropical America, with apetalous. polygamous or diclinous flower's, and 
8 1-ceued ovary with parietal placentas. Their position is doubtful; they 
have an amentacemis inflorescence, a perianth like tiiiit of Urticace®, fila¬ 
ments like those of Chloranthaee.'e. and an ovary lilo' that of Samydacem 
or Bixacecc, with arillate seeds as in the latter Order.) 

(Gabryack.®. — A small Order of shrubs of North-west America, and 
having amentacooms inflore.«cence, unisexual flowers, a 2-4-pnrted peri¬ 
anth, definite stamens, and a l-.‘5-cellcd inferior ovaiy with 2 pendulous 
ovules: seeds with a minute embi'vo in abundant albumen. They differ 
from Ilamamelidace® in their apetalous flowers, definite stamens, and 
baccate fruit.) 

(Helwinotace® is an Order founded on a .T.apanese shrub which bears 
the fascicles of flowers adherent to tho midribs of the leaves (?) ; it dillbrs 
from Garryacem in having the inferior ovary 3-4-celled, with an ovule in 
each cell. These plants are nsnally placed among diclinous !Monochlamvds, 
but they appear to have relations I'vdth Santalace®, Hamamelidace.'s, and 
Comace®. They have no important properties.) 


Order CXIX. LORANTHACEiE. The Mistletoe Order. 

CUtss. Discanthffi, End'.. All. Asarales, Lindl. Coh. Santalales, 
Emth. et Hook. 

. 478. Diagnosis .—Shrubby plants 'with leathery grecni.sh foliage, 
parasitic (naturally grafted) on trees ; loaves opposite, cxstipulate ; 
flowers perfect or diclinous; perianth adherent, with 4-8 lobes ; 
stamens 4-8, opposite to the segments of tho perianth; ovary inferior, 
1-celIed, with 3 ovules pendulous from a free central placenta, or 
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1 , erect, arising from the base of the cell; fruit succulent; seed 1; 
embryo in fleshy albumen; radicle remote from the hilum. 

InnusTHATi^rE Genera. 

Viscum, Tournef. j lioranthus, L. | Myzodendron, Sol. 

Afflni«eg._Thcse remarkable plants are distinguished by their peculiar 
parasitic habit. Tlicy are nearly allied to Santalacwo, presenting, like that 
Order, a naked nucleus as the representative of the ovule, and are further 
characterized by the strange extrusion of the apex of the embryo-sac before 
or after fertilization. Besides the curious structure of the flowers, they 
have an anomalous organization of the wood, which has no medullary 
sheath of .spiral vessels, but contains scalari form tubes. The germination of 
the seeds exhibits some intere.sting phenomena: in Viscum the seeds adhere 
to the young .shoots of trees by means of the viscid pulp of the fruit; in 
Mtiaxlenciron tlnus' are long feathered processes, which coil round the 
branches on which they settle; in either case the seeds are retained in 
contact with the surface of the shoot upon which they re.st, where they 
germinate and push their radicle through the bark, down to the cambium- 
layer, with which they contract an organic adhesion and become grafted, 
iust as a bud does in the ordinary gardening operation of budding 
llose.s, &c. 

Distribution, —A larg(> Order, of win cli some are European, as Viscum album 
and Lnranihus cwo/x/us i the majority belong to the hotter parts of Asia 
and America; Myzixlmdnm belongs to the temperate parts of the southern 
heiiii-spliore. 

Qualities and Uses. —Some of the plants have astringent properties; 
but the mo.st important product perhaps is the viscid pulp of the fruit 
of Viscum ulhum, which is used for liinkhig bird-lime. The curiosity 
attaching to the parasitic habit is the most striking feature in this Order, 
most of the plants growing like our common .Mi.stletoe, Viscum album', 
this appears capable of grafting itself on a wide variety of trees, being 
most common on the .4pple-tree with ns, but occurring on Thorns, Wil¬ 
lows, Limes, Oaks, Elms, and even on Fir-trees. 


Ordek CXX. SANTALACE.®. The Sandal-wood Order. 

Class. Tli 5 Tnelce 0 , £ndl. All. Asarales, Lindl. Cob. Santalales, 
Beutdi. et Hook. 

479. diagnosis. —Herbs, shrubs, or trees with entire leaves; the 4-6- 
cleft perianth valvate in the bud, its tube coherent with the ovary, feta- 
mens opposite to the lobes of the perianth; ovary 1-celled with_ 2-4 
ovules suspended from the apex of a free stalk-like central placenta arising 
from the base of the cell; the indehiscent fruit 1-seeded.; seed with 
abundant albumen filling the pericarp; embryo straight; radicle superior. 

Illdstbativr Genera. 

Thesium, L. [ OByiis,. L. j Sontalum, L. 
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Affinities, —Tlie definite pendulous ovules, consistinjyof a naked nucleus 
'attached to a free central placenta and protrudinfr the einbryo-sac before 
or after fertilization, are very remarkable and strikin'!: characters in this 
Order; the entire seed is formed in the embryo-sac, outside the nucleus. 
The nearest relations are probably with the Lornnthacenj, which, however, 
ditfer in habit, being stem-parasites, and having less complete and some¬ 
times imperfect flowem. Thesium is partially parasitic on the roots of 
other plants. There is a more remote relation to Olacacero and allied 
Orders. 

DUtribation. —A small Order; the European and North-American species 
are inconspicuous herbs ; in India and Australia they are shrubs or small 
tree.s. 

Qualities and Uses. —Sandal-wood, the wood of Smif.aliim alhiim, is 
perhaps the best-known production of this Order. The seeds of the 
Quandang Nut ( Fusanm actimiiiatus) are eaten like almonds in Australia. 
Some species are astringent. 


Order CXXI. TIIYMELACEiE. The Lace-bark Order. 

C7<ms. Thymelese, All. Daphualcs, Zmrf/. CoA. Laurales, 

JSeiilh, et Hoal\ 

480. Diagnosis. —Shrubs with an acrid and very tough (not ai-omatic) 
bark, entire leaves, aijd perfect flowers, with a r<'gular and simple, usnully 
coloured perianth, bearing ordinarily tnace n.s many .“tnnien.s as it.s lobes, 
free from the 1-eelled, 1-ovuled ovary; seed suspended; albumen none, 
or sparing; radicle superior. 

* 

Illustrative Ghn'ERa. 

Daphne, Z. l.agetta, JIms. 

Pimelea, Banks Sol. Ilemandia, Plum. 

Affinities. —Among the Monochlamydeons Orders this may be distin- 
4 fished from Santalaceae by its free ovary; from Ehcagnace.'c by its per¬ 
fect or polygamous flowers and pendulous seed; from Lauracete by the 
longitudinal dehiscence of the anthers; from Proteaceae by its ]iendulou3 
seeds and imbricated perianth. The flowers are mostly perfect, but poly¬ 
gamous in the tribe IfernamU(;(rjt The liber is developed in numerous 
separable layers in the bark of these plants. 

Distribution.— A rather large Order, most abundant at thn Cape of Good 
Hope and in Australi.a, but ^ound sparingly in all other parts of the world. 

Qnalities and Uses, —The bark is usually acrid, and that of Mezereon 
(Daphne Mezereuin) and other plants is used as a local irritant; taken 
internally it is an iiritant poison. Daphne Laureola, the Spurge Laurel, 
another native species, has similar qualitie.s—as also D. (rnidium and D. 
pontica, favourite garden shrubs, and other species. The liber of Lat/etfu 
lintearia (West Indies) is separable into lace-like laminae, whence it is 
called the Lace-bark tree, and the liber of some Daphnes furnishes useful 
fibres, and in other cases is manufactured into paper. The berries of 
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Daphne are poiSonous; but the seeds of Inocaipwi edulis are eaten roasted 
like chestnuts. Daphne, IHmelea, and some other genera include many 
huudsomc cultivated plimts, the perianth being petaloid. 

(Autni.AniACK^ are a small group of plants, of tropical Asia, nearly 
related to Thymelacea;, but having a 2-celled ovary, and sometimes a 
2 -valved dehiscent capsule; one ovule is sometimes abortive; and the 
fruit ill some cases is an indehiscent succulent berry. The heart-wood of 
Aqailnria orafa and A. Apalluehtitn are known c.s JBagle-wood or Aloes- 
Avood, and contains a resinous matter of stimulant quality. Genera: Aqui- 
laria, Lain.; Gyrinopais, Gaertu.) 


OiiDKR CXXII. ELiEAGNACEyE. 

C/rtss. Thymelcaj, Emil. All. Ament ales, Limll. Cuh. Laurales, 
Death, et Hook. 

481. Diaynosis. —Shrubs or small trees Avith silvery-scurfy leaves and 
mostly dio'cious Howcrs: perianth free from the ovary, its tube becoming 
pulpy and berry-like ill the fruit: .stamens as iitiiner'ous as the lobes of 
the pi'riaiitli and alternate with them or tAvice ns many; ovary 1-celled, 
l-seeded, seed ascending; embryo straight, with thin albumen and an 
inferior radicle. 

iLnu-sTiiATiA'i! Gknkha. 

Hippophne, L. | Eheagnus, L, 

Affinities, &c.—This is a small Grder, genernllv diffused in the northern 
lieniisphere, sennrated from the Thymelacea' by the ordinarily dioecious 
structure and tlie ascending ovule : ‘EUenynvs, Avhich has perfect or polv- 
gamous Howers, forms the link. From I'roteaceie they are separated fcy 
the valvatc caly.x and the indehi.scent fruit. The scurfy scales upon the 
leaves are elegant micro.-'copic objects. The berries of llippophae rluim- 
noitle.'f, Sea TSuckthorn, eommoii on our .'ea-coast, are .sometimes used in 
fish-sauces, but are said to have narcotic properties. Those of Eleeagnus 
onriifali'n are eaten in Persia, and those of other speciek in India. The' 
fioAvers of some species are very fragrant. 


OiiDEit CXXIII. PROTEACE.E. 

Class. Thymele®, Endl. All DaphnalesyZi/n//. Coh. Laurales, 
lienth. et Hook. 

482. Diagnosis .—Shrubs or small trees usually with umbellate 
branches; leaves hard, dry, opposite or alternate, esstipulate; 
flowers apetalous; perianth 4-eleft, valvato; stamens 4, opposite to 
the segments, sometimes partially barren; anthers opening longi¬ 
tudinally ; ovary single, simple, free, with 1 ovule, or 2 or more 

q6 
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ovules in ,2 rows, ascending; seeds ■without albiftnen; cmliryo 
straight; radicle inferior. 

iLLUSTnATIVE GeNKBA. 

Protea, L. Ilakea, Schrad. 

Grevillea, E. Br, Banksia, L.Jil. 

Affinities; —^The remarkable habit of tliesc plants is a striking cha¬ 
racteristic ; and, besides the rigid foliage, we have the valvate perianth, 
with the stamens opposite the lobes, and the radicle pointing to the base 
of the ovarj', to distinguish this Grd(;r from the 'I'hymelace.'B and nearest 
Monochlamvdeous Orders. The structure of the stomata of the coriaceous 
leaves is verj' curious, and presents many moditications. 

Distribution. —A large Order, the species of which are found chiefly at 
the Cape and in Australia. 

Qualities and Uses. —The wood is perhaps the most valuable product 
of these plants, being largely used for firewood where thow abound ; some¬ 
times it is used for joineiy when hard wood is ri-tluired. The striking 
character of their evCrgi-oun foliage, and the brilliant colours of the heads 
of flowers, render them very great favourites in cultivation, and the 
genera above cited will be found in most large collections of greenhouse 
shrubs. Mficada?nm temifolia furnishes an edible fruit. 

(Pexaeace-e are a small Order of Cape evergreen shrubs, related to 
. ProteaceiB, but havirtg a 4^t;lled ovary, 4 stigmas, and .a 4-celled de¬ 
hiscent or indeliiscent capsule. The drug called Sarcocol liius been 
supposed to be derived from some of these plants ; but this is doubtful. 
Genera: Penaa, L.; Sarcvcolla, Kth.; Gcimiloma, Lindl.) 

CEmpetiiace,?: are low shrubby evergreens, with the foliage and aspect 
of Heaths; the flowers are small, diclinous; the perianth consists of 4-0 
persistent hypogynous scales, the innermost sometimes petaloid; stamens 
2-3, alternate with the inner scales; ovary free, on a di!»k, 2-9-celled ; 
ovules solitary ; fruit fleshy, with 2-fl nuts ; seeds 1 in each nut, ascend¬ 
ing, albuminous; radicle inferior. These plants have the appearance of 
JElricacese, the Mit even being like that of Vaoa'metr, while the stigma.9 
and the general structure of the flowers are iJuphorbiaceous; but from 
the Euphorbiacua; they differ in the ascending seed and inferior radicle. 
They are mostly natives of Northern hlurope and North America. The 
leavtes and fruit are slightly acid Jnd agi’ccable; thp berries of PJmprfrutn 
mgrum, the Crow-berry, are eaten ; the Greenhindeis prepare a fermented 
Imuor from them. The Portuguese use the berri^ otj^. Corona. Genus 
ImqKtrum.) < •f** 

(Satis maritima, a succulent Bhigb, founfl in the salt-mar.shes of the 
West Indies, is sometimes made the type of an Order, but is regarded by 
Lindley as veiy close t# Emnetracese. Others place it near to Tamaris- 
cinese. It is sometimes usea in West-India pickles). 



IirCOHFI,BT^. 


347 


Order CXXIV. EUPHORBIACE^, The Spuroe Order. 

Clast. Tricoccas, JEtidl. All. Euphortialos, Lindl. Coh. Euphorlbiales, 
Benth. et Hook.. 

483. DlaijnosU. —^Hcrbs, shrubs, or trees, mostly with a milky 
aerid juiee, and various, usually monoecious or dioecious flowers; the 
fruit of 2-3 or several 1-2-seedod carpels, united round, a central 
column, separating when ripe (carpel rarely solitary). 


Character. 


Flowers diclinous, axillary or terminal, sometimes cnelosed in a cup¬ 
shaped involucre. 

Cah/.v inferior, with internal glandular or scaly appendages, some¬ 
times wanting. 

Corolla, of petals or scales as many as the sepals, or wanting. 

Stamens definite or indefinite, distinct or monadelpbous; anthers 
2-ccllcd, sometimes opening by pores. 

Ovarj/ free, sessile.or stalked, 1-, 2-, 3-, or raany-celled; styles as many 
as the cells, distinct or combined, or wanting ; stigmas combined 
or separate and bifid; ovules 1 or 2, suspended fi-om the inner 
angle of each cell. ^ 

Fruit dry, the carpels splitting and separating elastically from the 
axis, or succulent and iudehiscent; seeds suspended, 1 or 2 in 
each cell, often with an arillus; embryo in fleshy albumen; radide 
superior. 

Illustrative Gekera. 


Ilura, L. 
Ilippomane, L. 
Ccclebogyne, J. Sm. 
Mercurialis, L. 
Aenlypha, L. 


.Tatropba, Kth. 

• Eieinas, Tournef. 
Rottlera, Boxh. 
Croton, L. 


Euphorbia, L, 
Cluytia, Ait, 
Xvlnphylla, L. 
P%Ilanthus, L. 


Affinities.— As the more familiar foqns of this Order are either apeta- 
lous, or even destitute of a calyx, it is usually arranged among the Mo- 
noclilamyde® in elementary works; hut a lai-ge proportion of the exotic 
genera have the Corplla represented either by scales or petals. The 
common Spurges (J^phorbia), the principal native representatives of the 
Order, have a very remarkalle inflorescence, liable to be mistaken for a 
simple flower; them is a cup-like involucre, wdthin which are formed a 
number of stamens with an articulation in the filament, together with a 
stalked tricarpellary ovary (fig. 407). The stamens each represent n male 
flower reduced to its lowest term; for a minute bract exists at the base 
of each filament, and in some species a perianth occurs at the articula¬ 
tion, which is, in fact, the base of the flower; the ovaiy in like manner 
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represents atfemalo flower. This is well illustrated Jjy the exotic genus 
Monotiijcis ("fig. 408), wl?ere the. cup-like involucre is replaced by scales, 
and, instead of the jointed filaments, we find several stalked male flowers, 
with perianth and stamens, sunounding one female flower. 

Fig. 407. Fig. 408. 



Fig. 407. a, Vortioal pootion of tho involucr** of Kuphoi'hia Zoffiyrio, cootiuning one* stalked 
pi8tnia(<> flower and hi'x nuinandnnia stiiiuinat»* dowfrs; ft, ft, sttuninat#* flowers of 
other species of Euphoi'bia, the left-hand witliout a perianth, the right with a anuUl 
perianth nr the hat»e of the sfnmen. 

Fig. 408. Mouofaxiit fridentohi : u, involucre, with one pietillate and several stamiunte flowers; 
by a 8epnrat(.‘ BtnmimUo, e, a separate pistillate flower. 


Three is the ordinary number of carpels: hut Mm'cumilis lia.s but two, 
fend .some exotic [^nera but one ; on the other hand, or even 15 (ITuni) 
are occasionally present. The fruit is usually drv and deliiscmit, hut iii 
Sarcococtn succulent. Cnnsidemble vaiiety of halflt occurs; some of the 
foreign I'tij^horhire have fleshy, spiny stems, somewhat resembling those 
of the Caetacefc, XpJvphiilla and VhyUanthm having le.nf-like Howeriiig 
br.nnches; and a number of large tropical trees belong to this Order. 

Wen' it not for the- diclinou.s .«tructuro, these plants would approach 
very closely to Malvaceae and their allies, the composition of the ovary 
being analogous, and the stamens often monadelphpus; Aleurites, Jtdnpha, 
and other gen(‘Ta having a corolla much resetiible Malvacem ; and there is 
a further affinity to Rhamnaceao. On the other hand, looking to tlu'ir 
diclinous character and frequently incomphde flowers, they approach the 
Urticace.T?, from which they are, *a.s a whole, distinguished by their com¬ 
pound c aries : such genera a.s Erernocarjnis, having but 1 carpel, connect 
the two p'oups. Some of the genera have stinging hairs like Urticacero 
(JatropJia). 

Distribntlon.—A very large- Order, generally diffused over the globe; 
especiall^i^ibundant in Equiimctial .\merica. > 

QnalitieB and Uses.— Tliese plants mostly produfas a lactescent juice, 
which contains caoutchouc; the watery part of this sap is generally more 
or less acrid, purgative, emetic, or powerfully poisonous, from the presence 
of a principle dissipated by heat; starch abounds in the roots of some 
kinds, while oil of a pur^tive character is common in the seeds; the bsrk 
of some of the trees has tonic properties; the wood of severel is very 
valuable for its harf, close texture; and several of the plants furnish dyes. 
The lactescent juice of SUphonia elastica is Jhe source of the “bottle” 
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Cfloiitchono of Brazil and Guiana; Aleurites lac^fera yields Gum Lac in 
Ceylon; Euphorbia antiquorum and E. canarienm are believed to yield 
the gum-resin called Euphorbimn. The common Spurges (Euphorbia) 
have purgative properties; the root of E. Iveeunuanha is used as an 
emetic in North America; and the species oij^ereurialis have' similar 
propertied, especially M. perenim, which is unsafe to use, since it produces 
violent purging, and even sometimes convulsions and death. The most 
deadly member of the Order seems to be tie'. Manchineel (Ilippomane 
Mutwinclki), a Panama plant, the juice of which is so acrid as to cause 
ulceration when dropped on the skin, and its apple-like fruit has a vesi¬ 
cating juice ; the juice of E.rcuvuria Apolloclmm and Hura mpitans has 
similar properties. 

The oily seeds are mostly purgative: Croton oil is expressed from those 
of Croton Tiplitmt and Parunn (East Indies); Qagtqr-oil from those of 
Ekiiius commums, in which thy purgative property is found to reside in 
the embryo, not in the alliumcn ; tlu' seeds of llura crepitans and Curcas 
(Jatropha) pun/aiis, the “ Purging-nut,” arc violent cathartics, and those 
of Euphorbia Latlujris are sometimes employed in the same way. The 
solid oil obtained from the seeds of Sti!liui/in schifera, the I'aHow-tree, is 
used for making candles in China. (Inseariha bark, with tonic properties, 
is obtained from Croton Ekutvria (Bahamas') ; C. psnula-quina ma other 
species have' similar qtialities. OJilficMia ufricanu is the .\frican Teak- 
tree. Crozophoru finctorin fiirnisln.'s the dy(' called Turnsole; Rottlera 
tinctoria (East Indies) a scarlet dye. 

The pure starch tdjtained by grating and washing the ro(h8 oi Jatropha 
I\fajiilt(k .( l^laiiihot utilissinia) forms, under the name of^landioc or Cas-< 
snva, a moat important article of fiod in South Ameiicn: the finer par¬ 
ticles of starch, softened by heat, and afterwards granulated, constitute 
Tapioca. The washing T('moves a narcotic poisonous matter which exists 
in the sap: the Indiana dissipate this principle by heat, simply roasting 
the roots. It is a shrub about feet high, with a large root, sometimes 
weighing 80 lb.s., and is cultivated all over the tropics, but especially in 
America. 

(Buxack.h constitute a very small Order, formerly included among 
Euphorbiaceiie, but ditfering in tin' absence qf milky juict>, in the locnli- 
cidal capsulesj ovules pendulous from the inner angle of the cells of the 
ovary, micropyle superior and internal. The leaves of the common Box 
{ liujriis) are purgative ; the wood is specially used for engraving and for 
tm-ners’ purposes). 

(DAi*HNi!>iiYLi.ACr.JF! are, constituted by Miiller, of Argau, a distinct 
group, dillering from the two preceding in their small embryo, concealed 
in albumen). * 

(Si'EPACF.^B are a small gi'oup of East-Indiau plants, allied to Enphor- 
biaeere, but having the flowers in catlrins, thus forming a tran.«itiou to 
the Cupuliferao and Betulaccaa. Genera: 4fcc^OT, Lindl.; Lepuhstachijs, 
Wall.) 
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Order CXXV. URTICACEiE. The Nettle Order. 

Juliflora3, .4??. Urticalos, iwirf/. Co/i. Urticales, 

et Hook, 

484. Diagnosis. —Herbs, shrubs, or trees with stipules and men- , 
CDcious or dioecious or, rarely, polygamous flowers; perianth regular, 
free from the 1-celled (rarely 2-celled) ovary; stamens equal in 
number to the lobes of the perianth, and opposite to them, or some¬ 
times fcwer^ncoiling elasticallyembryo straight in the albumen 
when this is present, the radicle pointing upwards. 

This Order is divided into the following tribes :— 

1. Ukeekjj. Leaves with stinging-hairs : leaves opposite, or if 
alternate arranged spirally; perianth of female flower 4-parted, 
rarely tubular, always free. 

2. Procridk-e. Leaves without stinging-hairs; leaves opposite, 
or if alternate distichous ; perianth of female flower free, .‘l-.5-parted; 
stigma brush-like. 

3. Bcejimkrilve. Plants withmit stinging-liairs; leaves alternate 
or opposite ; perianth of female flower free or adnato to the ovary, 
frequently tubular, rarely veiy short. 

4. Pariktarik.e. Plants without stinging-hairs; leaves alter¬ 
nate ; flowers ditt'eion.s or po] 3 ’gamous; periantli of female flower 
tubular, free. Inflorescence braetcate. 

5. FoESKoni.iEA’. Plants without hairs or u'ith hardened hairs; 
leaves alternate or opposite ; flowers diclinous, involucratc; perianth 
of female flower tubular or wanting. 

Il.LUSTRATIVK GrNERA. 

! BaiHJiKinK.E. Fouskohlie.*:. 

I Bcelimerin. Forskiihlia. 

' Pariktabieje. 

{ I’arietaria. 

Affinities.—This Order is pearly related to the Malvacem and F.nphor- 
biacea) on the one hand, and to tln> amentiferous Orders on the other; 
difiering from the former in the simple ovary, from t^ latter in +he usual 
presence of albumen in the seeds, and in the flowers riot being arranged in 
catkins. There is a further relation to the Chenopodiacere, which, how¬ 
ever, besides the circumstance that they are only occasionally diclinous, 
have the embryo curv'ed roimd the outside of the albumen. 

Distribution.—The Vriiceas are generally difflised, but are much more 
abundant in the intertropical regions than elMwhere. 


Ureheje. 

Urtica. 

Urera. 

Pbocbideje. 

I’ilea. 
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Qualities and Uses. —Edible fruits and valuable fibres are the principal 
products of this Order. . 

Bahmeria ( Urtica) ttivm furnishes the fibre for Chinese “ Grass-cloth,” 
or llnmee; B. Ihnja yields another valuable fibre ; and the fibre of the 
Stinging-Nettle ( Urtica dioica) was formerly used; U. tmaciasima furnishes 
cordage in Sumatra. 

(Cannauin'.vou.'E constitute a small group often in- Fjo.. 409, 
eluded under Urticace.'e, but diftering in their stamens 
not being elastic, their elongated, not rounded,anthers,and 
in their curved exalbuminous embryo ffig. 40S)). Cannabis 
satimi furni.slies the hemp of commerce, which con.sists of 
th(! woody fibres of the plant st'parated by maceration. 

C. indica yiedds a narcotic ro.sinous product known as 
Indian hemp. Znpuhre, the Hop, is well known Fia. 40 fl. Seed of 

for its aromatic bitter properties.) Humulus opened. 



Order CXXVl. AllTOCAllPACEvE. 

Cbiss. .Tuliflora-, B/idi. All. T'rticales, Lindl. Cob. UrticalosP, Benih. 

et Hook. 

48o. Diaijmm's. —Treu's nr shrubs, or rarely herbs, with milky juice; 
leaves alternate, msunlly pro^'id('d with convolute deciduoas stipules; 
fiowers diclinous, males in catkins, females in heads or fiat receptacles; 
perianth .‘5-4-purled or none; .stamens not elastic ; ovary 1-celled; ovule 
solitary; albumen lleshy, or none; embryo straight or curved; radicle 
superior. Illustrative genera: Artnrarpm, Firns, Morus. 

Affinities.—The main difi’ereiiee between this group and the Urtienceae 
lii's in the milky juice and general habit. The inflorescence and fmit of 
these plant.'j are curious; in Darstciiia the flowers are imbedded in the 
top of a tabular fleshy peduncle (fig. lo.'l) : in Ficus enclo.sed in an exca¬ 
vated fleshy peduncle (tig. 152); in Afonis i\ie female flower's are deve¬ 
loped in a sort of capituIniH, and subsequently coalesce into a compound 
fle.shy fruit, resembling a blaekb(‘rry (fig. tlOti), but each “pip"’ is formed 
from a distinct ovary; in Artorarpm the numerous flowers are crowded 
on a globular fleshy peduncle, which enlarges into a large fleshy fruit, 
aometinr(<s weighing 30 lbs.' Ficus indica (the Banyan tree) is remarkable 
for si'iiding down numerous roots from its branches, which strike into the 
earth and convert the tree into a kind of grove. 

Distribution. —The Artocaipucea' constitute a large group, whose 
members are almost exchisive^ tropical amj subtropical. 

Qualities and Uses.—Most of the.«e plants have a milky juice, con¬ 
taining more or les.s of an acrid poisonous principle and ol caoutehouc. 
Broimonetia papi/rifem is the Paper-Mulberry tree, the inner bark of 
which is u.sed for making paper ite. in China and the South-Sea Islands. 
Antiaris sanidnra has a fibrous bark, used for cordage and matting, also 
Cecropia pcJtata, Brosimmn, &c. Caoutchouc is largely obtained from 
Ficus eJastictt and other .species; a milky juice, of very nutritious cha¬ 
racter, is obtained from the Cow-tree of South America, Brosimum utile. 
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The renowned Upas-tree of Java is a large tree, AntUpris toxicaria, which 
bos a very poisonous juice, and it is stated that linen made from its 
fibres, if badly prepared, produces great irritation of the skin. 

The fruit of Madura aurantiaca, the Osage Orange, has an orange- 
coloured pulp, used by the North-American Indians to stain their skin ; 
the wood or M. tinctoria is %scd by dyers under the name of Fustic. 
Morm alba, the White Mulberry, is largely cultivated in Italy and the 
East for feeding silkworms. 

Dorstenia Contrayerra was fomierlv esteemed as a tonic and diaphoretic. 
The wood of Firm Sycoinorns, the feycaniore-iig, is very durable, and is 
supposed to have been used for mummy-cases. The seeds of the plants of 
this Order are generally wholesome and nutritious. 

.(Stu.aoinaceje constitute an Order of trees or .shrubs, with alternate, 
simple, leathery leaves and deciduous stipules; flowers diclinous, spiked, 
with a single 2-, .S-, or •'i-parted perianth: atamen.s 2 or more on a tumid 
receptacle; anthers 2-lohed, dehiscing at the apex': ovary free, 1-2-celled, 
ea<^ cell With a pair of suspended ovules; seed albuminous; embryo 
straight; radicle .superior. The,so plaut.s, natives of Sladagascar and the 
East Indie.s, are nearly allied to I’diceep, ditiering chiefly in the pulvinato 
di.sk, inelastic stamens, and anthers bursting at the apex. The dru¬ 
paceous fruits of Antidesma pubesceius and Stilayo Bunixis are siibacid and 
agreeable.) 

(PiiYTOCnENACE.E are an Order with somewhat obscure relations, con¬ 
sisting of a few East-Indian climbing shrubs with a curiously organized 
wood. They have cfielinous flowers; but the rudiments of the abortive 
sexual organs exist in the flowers of both kinds, and the flowers have 
both calvx mid corolla. They are sometimes included among the Artu- 
carpete, \>\it have seeds A^’^th abundant albumen. Genera: Phytocrene, 
Wall.; Joffes, Iflume, &c.) 


Order CXXVII. ULMACE/E. The Elm Order. 


Close. Juliflorte, Endl. All. Tlhamnales, Lindl. Coh. Urticales, 
Benih. el Hook. 


486. Diagnosis .—Trees with watery 
juice, alternate leaves, stipules, perfect or 
monoeciou.sly polygamous flowers; peri¬ 
anth free, membranous, cam’panulato or 
• irregpilar (flg. 410); stamens definite; 
filaments straight or moderately incurved 
in the bud; ovary free, 1-2-cellod; styles 
or jtjgmas 2; fruit a single samara 
(fig. ’4ll) or a drupe; seed su.spended, 
with little or no albumen; radicle su¬ 
perior. 


Fig. 410. Fig. 411. 



Pig. 410. Flower of Wmuf* 
Pig. 411. Fruit of XJlmw. 
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Illustrative Genera. 

Tribe I. Celtka?. Ovary l-celied. Tribe 2. TJlmea?; Ovary 2-ceUed^ 
Oeltis, I'lmrnef. Planera, Gviel. 

Mei-ten.sia, H. B. K. Ulinus, L. 

Affinities, Ac,—These plants, chiefly natives of northern countries, are 
very closely related to the Artocarpree and other Urticaceaj, scarcely distin¬ 
guished by any general character except the polygamous structure of the 
flowers. They aro tiiuboT-trees with bitter as!ringent bark; Ulmus cam- 
penfriK is the common Elm-tree, U. montana the Scotch or Wych Elm. 
Celtis amtra/ts, called the Nettle-tree, has a drupaceous fruit of astringent 
quality. 


Order CXXVIII. PLATANACEtE. The Plane Order. 

Class. Juliflorm, Biidt. All. Urtieales, Liiidl. Colt. Urticales ?, 
Benth. et Hook. 

487. Biiiynosis. —Trees with wateiy .luice, alternate palraately lobed 
leaves, sheathing stipules, and monmeious flower.s in separate and naked 
globular heads, de.stitute of ealy.x or corolla; the fruits consisting of heads 
of clavate 1 -seeded nucules furnished with a bri.stly down along the base; 
seeds solitary, rarely 2, pendulous; embryo in very thin albumen; radicle 
inferior. 

Illustrative Genus. 

I’latanus, L. 

Affinities, Ac. —The Plane-trees, natives of North America and the 
I.evnnt, natumlized in our parks and squares, are chiefly remarkable for 
the beaut}' of the form and foliage. The structure of the inflorescence is 
amentaceous ns regards arrnngeiiK'nt and the absence of envelopes; hut 
the ovaries aro like, those of Artocnrjtefr, from whieh they are divided 
chiefly by the achlamydeous flowers, the inferior radicle, and the presence 
of albumen in the seen. 


Order CXXIX. JUGLANDACE/E. The Walnut Order. 

Class. Terebinthinro, EntU. All. Quernales, Lindl. 

488. Eiaf/nosis .—Trees with alternate pinnate leaves, without stipules ; 
the sterile flow'ers in catkins, with an in-egular perianth; the fertile soli¬ 
tary, or in small clu.stcr.s, wdth a regular ;)-?5-lobed perianth adhering to 
the incompletely 2-4-celled ovary, with only 1 erect ovule. Fruit con-* 
sisting of a dehiscent husk enclosing a woody shell, containing a large 
2-4-lobed orthotropous exalbuminous seed; cotyledons oily, sinuous; 
radicle short, superior. * 

Illustrative Genera. 

Juglans, L. ' [ Corya, Eutt. 
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AffinitlM, *o.— A small but well-marked group, nearly related to Cnpu- 
liferaj, but diltering in the solitary ovule and in the absence of a cupule. 
From the resinous juices and pinnate leaves, they have been regarded as 
allied to Terebinthaceaj; but the latter have petals, a free ovary, and curved 
ovule. Tile Walnut (Jitplann rc;/iii) is a well-known example of the Order. 
The wood of this, as well as of J. iiip-a, is valued by carpenters. The 
nuts of J. cinerca are calleif Butter-nuts in Canada. CViryu nJha, the 
Hickory of North America, has tough, elastic wood and an edible nut, as 
also has C. olwaformis. 


Order CXXX. CUPULIFER.^:. The Oak Order. 

Class. JuUflorfe, lEndl. All. Quemales, Zitull. ' Coh. Amentales, 
Benth. et Hook. 

489. Diagnosis .—Trees or shrubs with alternate simple feather- 
veined Idaves, and deciduous stipules; monoecious flowers, the barren 
in catkins or clustered, the fertile solitary or clustered and furnished 
with an involucre whicdi forma a cup or covering to the flowers 
(fig. 413); B stamens 5-20, inserted at the base of scales or of a 
membranous perianth; 5 ovary crowned by the rudimentary teeth 
of an adherent calyx, 3- or more-celled (fig. 412); stigmas nearly 
sessile ; ovules solitary, or 2 in a cell; fruit a 1 -celled, woody nut, 
more or less enveloped by the involucre (cupnlo), containing I or 2 
seeds (the rest being arbortive), destitute of albumen ; cotyledons large 
and fleshy; radicle minute, superior. 


Fig. 412. Fiff. 41.T 



Fig. 412. Querfniii: <7, vcrtiral flection of fenjnle fiowor: h, ero.ss section. 
Fig, 413 . Opened involucre, with two flowers of C\i^lanca, 


InnKTiiATivE Genkha. 

Carpinus, L. j Fagus, L. * Quercus, L. 

Coiylus, L. j ' Castanca, Gssrtn. Ostrya, Scop. 

Afflnitlei. —Related to the UrticacciB, but differing in the inferior, many- 
celled ovary and in the character of the fruits and seeds. From Betulacese 
and Salicacem, to which they are closely allied, they are separated by the 
inferior position of the ovaiy. Some authors’ separate the Corylacere 
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from Cupuliforsc 1)y reason of the nchlnmydeoug male flowers and of the 
leafy cupule of the female flowers of the former. 

DlBtrlbntion.—A large group, the members of which are for the most 
part natives of forests of temperate climates. 

Qualities and Uses. —Timber-trees of great importance; some also having 
edible iruits ; the bark and otlier parts more or less astringent. -Quercm, 
a very extensive genus, includes Q. Jt()J«r,^riti8li Oak, of which there 
are two varieties— Q. scssilijlora, Durmast, and Q. jmiunculata. Q. Suber 
furnishes cork; Q. yEyilopK has large rough •onpule.s, extensively used by 
dyers under^ tlie name of Valonia ; Q. coccifera is the Kermes Oak ; Q. 
Unctorid furnishes Quercitron Bark; Nut-galls are produced by the attack 
of an insect on Q. infedoria ; Q. Ilex is the Holm Oak, or Evergreen Oak 
of our shrubberies. Between 200 and :i00 species of Qiiercue exist, some 
of which have edible fruits. Corylun Avelhiia is the Filbert, or Hazel; 
CaKtmtea veaca, the .Sweet Chestnut: C. amerieuna produces a smaller 
nut; Fayus eyh'utica, the common Beach, has a valuable hard wood, 
as also CurpinuK lietuhdi, the Hornbeam ; and Ostrya viryinica is called 
Iron-wood in North America. Oil is obtained by pressure from the seeds 
of the Beech and the Hazel; the Nut-oil of the latter is largely used by 
painters. 

(MYniCACK.3i: constitute a small Order of shrubs with resinous-dotted 
often fragrant leaves; moncecious or dioecious achlamydcous flowers, both 
kinds in short scaly catkins ; stamens 2-l(); ovary 1-celled, with 1 erect 
ovule; fruit drupaceous; embryo without albumen; radicle superior. 
They difl'er from the other amentiferous Orders in the simple and free 
ovary; they are also related to I’rticace®, but differ in the amentaceous 
inflorescence and in the structure of the seed. They have many points 
in common with Jughuulaccfe, but differ in their achlnmydeous flowers 
and superior ovary. They arc aromatic shrubs or trees, with tonic and 
astringent properties; and wax, resin, and oil are obtained from them. 
Myrica Gale, the Bog-Myrtle, or Dutch Myrtle, yields an aromatic oil 
and secretes wax: M. cerifera, the Wax-MvTth', secretes a green wax ; 
(’omptonia anpleHufolia is u.sed in cases of diairhaui in North America. The 
fruit of Myrica sapidn is eaten-in Nepal. Genera; Myrica, Comptonia.) 


Order CXXXI. BETULACEzE. The Birch Order. 

Class. JuliflortB, Endl, All. Amentales, Lindl. Coh. Anientales, 
lienth. et Hook. 

490. Diagnosis .—Trees or shrubs; monoecious, with both kinds of 
flowers in scaly catkins, 2 or 3 under each bract (scales of the flowers 
whorled in Ainas) ; ovary 2-celled, 2-ovulod, ripening into a dry, 1-celled, 
1 -seeded, often winged nut, without a cupule; seed pendulous, exalbu.* 
minous; radicle superior. 

Idlubtrative, Genera. 

Betula, Z. ' j Alnus, Z. 

Affinities, Ao.—This Small Order is distinguished from Cupulifer® and 
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Juglaiidaceoo by the free ovary, and the regular occurrence of 2 carpels in 
the ovary, one cell, however, being usually obliterated'in the fruit. From 
Salicaceas they differ in the 2 cells, and by the solitary ovule in each cell. 
These plants 6eloug chiefly to temperate and cold climates; lieUtla nana 
and Altws incana form dwarf shrubs further north tlian any other woody 
plants, except some Willows. ^ The bark is regarded as tonic and astrin¬ 
gent, and au empvreumatic oil is obtained from that of the common 
Birches Betida alha and t/lufinona, whieli gives the peculiar odour to 
Kussia leather. The bark of Ji. pupi/racea is used for making baskets 
and many other article? in North America. The sap of B^nlba, m/ra, 
.and le»ta yields sugar at certain seasons. Alum ghttinoM is the common 
Alder; its wood is esteemed for work to remain under water, and for tho 
manufacture of charcoal; the leaves and female catkins are sometimes 
used hy dyers. 


Order CXXXII. SALICACEiE. The Willow Order. 

Class. JulifloriB, Endh All. Amentales, Limll. Coh. Amentales, 
Benth. et Hook. 

491. Diagnosis.—Dioecious treesorshruhs, 
with both 'kinds of flowers in catkins, one 
under each bract, entirely do.«titute of enve¬ 
lopes, or with a membranous cup-like peri¬ 
anth (fig. 414); the fruit a 1-celled and 2- 
valved pod> containing numerous seeds 
clothed with long silky down; no albumen; 

. radicle inferior. 

Illusthativk Geneba. 

Salix, L. I Populus, L. 

AfflnltleB, fce.—This amentiferous Order, consisting of but two genera, 
one of which, Salix, is rich in species, is at once di.stinguishable hy the 
2-valved fruit having numerous seeds clothed with silky hairs. Tho 
2 -can)ellary ovarv and the inflorescence connect them closest with 
Betulaceae. The Willows (Salix) and Poplars ( Populus) belong to tem¬ 
perate and cold climates. Some are valuable for their timber; the young 
shoots of Willows furnish material for basket-work j and tho hark has 
usually febrifuge properties, depending on the presence of .Salicine. Pd/m- 
lus nigra is the common Blaelc Poplar, of which the I.ombardy Poplar 
appears to he a fastigiate variety; P. tremula is the A.«pen; P. alba is 
the Abele, or White Poplar. Salix babglonira is the Weeping Willow; 
Sallows and Osiers are the shoots from pollard .stumps of Salix viminulis, 
vitelUna, &c.; ^lix alba is the ordinary vVillow-tree found by river-sides. 
WiUow-wood is used to some extent in turning, on account of its white 
colour, and it is esteemed for making charcoal. 


Fig. 414. 



^ male and 9 fttmalc flower 
of PopuluB. 
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Order CXXXIII. CASUARINACEiE. 

Class. Juliiloraj, JE7idl, All. Amentalea, LincU. 

402. Diagnosis. —Pseudo-leafless trees with pendulous, jointed, striated 
branches, the nodes soinelimes with short toothed sheaths (whorls of 
leaves); ilowers in spikes, achlaniydeoiis, diclinous; the barren flowers 
Li loo.se spike.s, with 2 bracts and 2 .sepals, the latter adhering at their 
points; stamen 1; anther 2-celled; the fertile flowers in dense spikes or 
heads, with 2 bracts; ovary 1-celled, with 1-2 ascending ovules; seeds 
exulbumiuous, with a superior radicle. 

Illustkatiye Genus. 

Casuarina, L. 

Afftnlties, «ie.—A small group consisting of trees of remarkable aspect, 
the branches having much the appearance of the branched Eguiseta. The 
jointed stems and abortive loaves connect them also with E 2 )hvdra among 
the (Tyumosperras, 1 o v>’hich they a])i)roach also in the very reduced cha¬ 
racter of the flowers. They acquire large diuieiLsions; and the wood of 
their trunks becomes very solid and heavy. The greater portion of them 
are natives of Australia, where they are called Beef-woou trees, from the 
red colom’ of the timber. 

» 

(CiiLORANTHACKE Constitute a small Order, having the following cha- 
rai'teristic.s. Herbs or under-shrubs with jointed stems sw'ollen at the 
nodes, opposite .simple leat es with sheathing stalks and minute inter- 
petiolar .stipules; flowers in terminal spike.s, achhimydoous, hermaphro¬ 
dite or sometimes diclinous, with a scaly bract; stamen 1, or, if more, 
coherent and definite; ovary 1 -celled, 1-seeded ; seed iiendulous; embryo 
in the apex of fle.shy nllmmeii; radicle inferior; cotyledons divaricate. 
Nearly related in general character to I’iiieracea', but diflering from them 
and from Saururaceas in the absence of the double endosperm, the embiyo 
being without the “ainniotic sac;" there is a hiore distant relationship to 
Urticaceic, and piulnaps .some ailinity to Lorantliacem. The plants are 
tropical, commonly have frag'rant properties; and the roots of Chkn'anthus 
ojjkinnlis and hrachystachys are e.steemed ns tonic, febrifuge medicines in 
the West Indie.s. 'The .species of Jlidyosmani have similar properties. 
T'ho leaves of Vhloranihus vtcohspuiia are occasionally used to flavour 
Tea.) 

Order CXXXIV. PIPERACEiE.’ The Pepper Order. 

Class. PiperitOB, Etidl. All. Pipcrales, Lindl. Coh. Piperales, Benth. 

ei Hook. 

493. Diagnosis. —Shrubs or herbs vtuth jointed stems; opposite, 
whorled, or, by suppression, alternate leaves; stipules absent, in pairs. 
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or singly opposed to the alternate leaves; flowers 
spiked, hermaphrodite or dioecious, achlamydeous, in 
the axil of a bract, with which they arc sometimes 
confluent; stamens 2 or more; anthers 1-2-celled; 
ovary free, simple, 1-cclled, with a single erect or- 
thotropous ovule ; fruit somewhat fleshy; seed erect, 
with the embryo in a distinct sac (amnios) at the top 
of copious albumen (fig. 415); radicle superior. 

Illxjstbati\t. Genera. 

Peperoraia, B. P. Chaviea, Afiq. Piper, L. 

Macropiper, Miq. Cubeba, Miq. ArtautUe, Miq. 

AfBnltiea, &c.—The stems of some of the Piperacese present so irregular 
a form of airangement of the wood, that some authors have regarded 
them as belonging to the Monocotyledonoiis class; but this structure is 
not exactly that of the Monocotyledons, and they have a dicotyledonous 
embryo and reticulate-veined articulated leaves; they may, however, 
be regarded as connecting the two Classes through Aracere, themselves 
somewhat anomalous forms of Monocotyledons. The chief peeuliaritv of 
the wood is the presence of woody bundles (sometimes forming a complete 
ring) in the pith. Their nearest relations are Chloranthaceffi and Sauru- 
racete; but they difi’er from the former in the sac of the embryo, the 
erect seed, and the alternate leaves; from tlie latter in the simple ovary 
and the absence of stipules. They are' more distantly related to Urti- 
cacese. 

tMstribution.—A large Order, the .species of which are for the most part 
tropical; most abundant in the hottest parts of Ameiica and of tlie itast- 
ludian islands, in damp situations. 

Q\ialitieB and Uses.—Pungent and aromatic, more or le.ss astringent 
or narcotic. Black Pepper cou.sists of the dried fruits of Pijter niqnim ; 
White Pepper is tlie same, with the fleshy upicaip removed by wa.shing. 
Long Pepper consists of the dried spikes of Chamca Moxhuryhii (Piper 
lonffum) ; other species of Chaviea are used in India and Tropical America, 
with Artanthe adimea, &c. The leaves of Chaviea Belle are chewed, mi.ved 
with slices of the Betel Nut (Areca olerarea) and lime, by the Malays and 
other Indian races. The ripe fruits of Cubeba ojieimlis, canina, Walliehii, 
&c. form Cubebs, or Cubebs Pepper, and have aromatic, stimulant, and 
purggtive propertie.s; Artanthe elonyata and aduiica are said to have 
similaf virtues. Macrupiper methysticum, the Avaor Kava of the youth- 
Sea Islands, has powerful narcotic properties. Tlie leaves, or powdered 
leaves of Artanthe elonyata are also esteemed as a styptic, known by tlie 
name of Matico, in iouth Anneriea (other plants are also called by this 
name, such as Eupatorium ylutinosum). Most of the plants of this Order 
possess some of the above properties, more or loss powerfully marked ; 
Artanthe crocata yields a yellow dye, obtained from the spikes of fruit. 

(SAUBxrBACE.aB constitute a small group of aquatic or marsh plants, 
of North America, China, and North India, related to Piperaceas, but 
. differing in the compound ovaries and stipulate leaves and wood destitute 


Pig. 416. 



Section of seed 
otFiper. 
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of bundles in the pith. They are more or less acrid. Saurunu cemmts is 
sometimes used in medicine, an irritating cataplasm being made from the 
root.) 

(CEnATOPHYLLACK.® are aquatic herbs with whorled, finely dissected 
leaves, and minute axillai'y and ses.sile monoecious fiowers, without fioral 
envelopes, but with an 8-12-clei't involucre in place of a calyx; the feitile 
flower is merely a simple 1-celled o^ ary, with a suspended orthotropdms 
ovule; the seed filled by a highly developed embryo with 2 cotyledons and a 
conspicuous plumule; radicle very short, inferior. The genus Ceratophyl- 
Imn, of which some authors describe 0 species, while others reduce them 
to 1, constitutes this Order, consisting of aquatic plants with whorls of 
leaves, and having almost the appearance of some Confervoid. The relations 
of Cemttphi/Uum file obscure: it has been connected with the Ilaloragaceffi 
from its reseaablahee to Mi/rinp/ii/Uum, while I.indley places it provisionally 
among his Urticales. The most remarkable point is the structure of the 
seed, which is exalbumiuous, and consists principally of 2 fleshy cotyle¬ 
dons, in-side which stand a decussating pair of leave.s, and within these, 
surrounded by withered endosperm-ee.lls, is the plumule, bearing a whorl 
of leaves separated by a sliort intornodo from the second pair. In the 
highly developed state of the plumulo they resemble Nclumhimn. They 
are found in ditches Ac. throughout the uorthern hemisphere, and they 
have no active properties.) 

(0ALI.ITR1CIIACB.® are small aquatic annuals, with opposite entire 
leaves, and solitary polygamous axillary flowers, without any proper 
fioral envelopes; fruit 4-lobed, -t-celh'd, 4-seeded; seeds peltate; embryo 
inverted in the axis of fleshy albumen ; radicle very long, superior. This 
Order consists of the genus C<i/lif,rich<‘, couipreheuding the Starworts of 
oiu- freshwater pools, of whic-h ti species occur in Europe and North 
America. Their fiowers are .so simple that it is ditlicult to settle their 
affinities. Some regard them as ridated to Ifippiiris, among the flnlora- 
gnceie; hut they appear to be truly aehlaniydeous, whence others consider 
them allied to Eupliorbiaeeaj, from which they difl'er only in their 4- 
lobed ovary and in the structure of the seed. They have no known 
properties.) 

(PODO.STEMACEA3 are aquatics, growing on stones in fresh running 
water, with much the aspect of Seaweeds or Mosses; the minute flowers 
bursting from a spathe-like im olucre; perianth 0 or of 3 sepals ; stamens 
1 or many, hypogynous; ovary compound, 2-3-celled, with 2-.'} stigmas; 
ovules numerous ; fruit a many-seeded, ribbed capsule, the placcniation 
of wiiicli is axile or pariettd ; seeds exalbuminous, with n'straigbt euibn o. 
This is a group of very curious plants, having a distinctly Dicotyledonous 
embryo, but much the habit of tho Monocotyledonou^aiadace.'c. Lindley 
regaras them os related to Elatinacece, or possibly to Plantagiuacea?, by 
way of LMorella. Ilydrodaehya is diclinous, the other genera perfect. 
In some of tlie genera there is no real distinction between stem and leaf, 
tho stmeture being analogous to a thaUus. They are most nuraoroiis in 
South America; some occur in India; one in North America. They have 
no active properties; but some species of Lacia are used for food on the 
Rio Negro and other parts of South America.) 
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Order CXXXV. BALANOPHOKACE^E. 

Class. lihizantheae, Endl. Class. Rliizogens, Lindl, Coh. Khizanthales, 
Benih. et Hook. 

494. Diagnosis. —Eoot-paraaitos with amoi'phous fungoid stems, 
destitute of leaves, never green, with fleshy subterraneous rhizomes 
or tubers, and naked. or scaly peduncles bearing spikes of flowers; 
flowers mostly unisexual; male flowers conspicuous, with a tubular 
entire, slit, or :3-5-lobed perianth, valvate in the hud; stamens 
usually 3-5, more or loss connate, or distinct; female flowers very 
minute; perianth with the tube adherent, and mostly without a 
limb, or 2-lipped; ovary inferior, mostly 1-cclled; stylos 2 ; ovule 
solitary, pendulous; fruit a small, compressed, 1-seeded nut; seed 
with hard granular albumen and a lateral amorphous embryo. 

InnesTnATivK Okneha. 

Balanophora, Forst. Sarcophyte^ SpatTm. 

Cynomoriura, Michel. Ilelosis, litch. 

Affinities, &c.—The peculiar parasitic habit and fungoid texture of the 
plants of this and the two succeeding Orders have induced many authors 
to separate them froii all other Flowering plants as a distinct class; but 
the grounds of this separation seem untenable: parasitism occurs in plants 
of the most varied structure, and this character of habit is not even of 
ordinal value./ The stmeture of the stems of llahuioplioi'aceie is merely a 
degraded form of the iJicotylodouous typo; and the flowers are in like 
manner provided with all the real essentials of the Phanerogamous struc¬ 
ture, since the acotyledonous embryos, upon which stress has been laid, 
occur in OrobauchaceiB, Orchidacea;, aud various other Ordius. J)r. 
Hooker, who has most elaborately investigated this Order, regards them 
as having affinity, in their floral structures, to the Ilaloragaceai, wliere, 
as in Hijypuris, we-find,in plants not parasitic a reduction of the parts of 
the flowers as complete as that in Cynomoninn. They we closely related 
to Gnnnera-, hut differ in their parasitic liahit, absence of leaves, kc. 

Many of the plants seem to have styptic qualities; Cgnomorium cocri- 
nmm was formerly highly valued by surgeons for tliis pui-pose, under the 
name of Ftmyus metitensls. .Some have very disagreeable odour, others 
are eaten like Mushrooms. They occur on the roots of various Dicoty¬ 
ledonous trees, chiefly on the mountains of tropical countiies, especiolly 
the Andes and the pimalayas; a few occur at the Cupe and other parts 
of Africa, and some in Australia. Cynomoriuin is found hi Malta, North 
Africa, the Levant, and the Canary Islands. 

(CVTiNACEA! are root-parasites of fungoid texture, with perfect or 
moncecioua flowers, solitary and sessile or clustered at the end of a scaly 
Stem ; perianth 3-C-parted, anthers opening by slits; ovary inferior; 
ovules very numerous, growing over parietal placentas; fruit a 1-celled, 
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many-seeded berry; seeds imbedded in pulp, albuminous or exalbuminous; 
embryo amorplious.' Cytium hypocktis (.South Europe) is parasitic upon 
the roots of Vidus, and has unisexual flowers; Hydnora, a Cape plant, 
growing upon flesli^ Euphorbia and otlier succulent plants, has herma¬ 
phrodite flowers. Except in liabit, they have very little connexion with 
the IJalanophoracene; and from Kafflesiaceie they differ in the 3-inerous 
structure of the perianth and the longitudinal dehiscence of the anthers. 
These plants are supposed by some writers to have a connexion with the 
Monocotyledons through Bromeliacem. Cytimis has astnngent qualities; 
Hydnora africana, which has a putrid smell, is roasted and eaten by the 
African natives.) 


OiiDER CXXXVI. RAFFLESIACEvE. 

Class. Rhizaiithese, Endl. Class. Uliizogens, Lindl. Coh. Illiizanthales, 
Benth. el Hook. 

41)5. Diar/nosls. —Puvasitc.9 of fungoid structure, without stems 
or leaves; the flowers solitarj’, sessile upon the branches of trees, 
surrounded by scales, perfect or dioecious; perianth 5-10-parted, 
with a circle of scales or a ring in the throat; anthers 2-celled, and 
opening by distinct pores, upon a salver-shaped or subglobose column 
adliering to the perianth, numerous, distinct or connate, or con¬ 
centrically many-celled with a common pore; ovules very numerous, 
growing all over the parietal placentas of the 1-cellcd ovary; fruit 
an indcliiscent pericarp, with a great number of albuminous or ex- 
albuminous seeds with an undivided embryo. 

iLLUSTnATivn Gkxeiia. 

Rafllesia, It. Br. | Sapria, Griff. [ Pilostyles, Guill, 

Affinities, &c.—Some of the Rafllesiiicem occur parasitic upon spccie.s 
of Cissus in the East Indie.s, others on Leguminous plants iu South 
America. They differ from Cytiuacem in the absence of a stem, the 
6-merou3 perianth, and the porous anthers. They are sometimes regarded 
as related to the Aristolochiaceie. liaffesia Aruoldi, a plant of Sumatra, 
is a wonderful object, consisting of a gigantic flower of fungoid texture, 
measuring 3 feet across, and weighing 14 lbs., emitting iu decay a smell 
like putrescent flesh. This and other specietj seem to have styptic and 
astringent properties. * 
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CXXX\II- ARTSTOIjOC IIIACE.'TE. The Bikth- 
woRT Order. 


ClasK. Serpentw-iic, Endl. All. Asarales, Liitdl, 


496. Diagno_$is. — Climbing 
shnibs or low herbs, with perfect, 
regular or irregular flowers ; the 
conspicuous single tubular peri¬ 
anth (figs. 416*, 417) (valvate in 
the bud) adherent below to the 
6-celled ovary, which becomes a 
many-seeded 6-ceUed capsule or 
berry; stamens 6-12, more or 
less adherent to the style (fig. 
418) ; anthers adnato, extrorse ; 
ovules numerous ; seeds albumi¬ 
nous ; embryo minute. 


Fig. 416. ^ Fig. 418. 



Fig. FlowtT of CJeiHuliii^. 

Fig. 417. P«*riAnth of Awrurn, 

Fig. 418. Ovury and stiunonB at ArMoloehia. 


lLLrsTnATi\T; Ckneha. 

Asanini, Tournef. \ Aristolochia, Totirnef. 


AtBoities.—^The ternaiy structure of the flowers of this Order, together 
with an aberrant structure of tbe wood, which prej^nt-s no conoentric 
rings, .seems to indicate that these plapts have aifinWe-s to such Moiio- 
cotyledonous Orders hs Dio.st-oreacefc, although the y are reiilly Dicoty¬ 
ledonous. Their more immediate ndatiouships are oh.scure; most authors 
connect them nearly with Nepenthacea;, the afTmities of which, again, 
are not clearly made out. Their .stamens, adherent to the st 3 ’le, di.stin- 
gui.sh them from all other Monochlamvdeous Orders. 

. Distribution.—A large tlrder, the species of which are generally- dif¬ 
fused ; most numerous in tropical Houtli Ameiit^n. 

Qualities and Uses.—Some of these plants have enjoved considernhlo 
reputation, having pung^ent, aromatic, and .stimulant qualities. The Ari- 
stolochitB take their name from the root? of A. CUmutitia, hmt/a, rotunda, 
and others being used.as emnunngogius. A. Serpmtaria, Virginian 
Snahe-root, is one of the .many specifics for Snake-bites, and it is sto¬ 
machic and tonic. It is worth notice that several species ot A}~istolorhia 
in different countries are considered by the natives valuable remodie.s 
in cases of snake-bite. Asarutn eurcypamm, Asarabacca, is acrid ; its 
leaves were formerly much used in a smiff employed in affections of the 
eyes. Some of these plants are very handsome climbers, with large 
cordate leaves, and striking helmet-shaped flowers. Those of Aristo¬ 
lochia cordata are large enough to be used as caps by the Indian hoys 
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in the Brazilian woods. The Weat-African A. GoWieana is equally 
large. ' • 

(Nepknthack.*! are herbs or half-shrubby plants with alternate leaves 
which, when perfect, have a long stalk terminating in a pitcher with an 
articulated lid (fig. 104); flowers dioecious; perianth 4-merou8; stamens 
coherent in a solid column ^ anthers about 10, extrorse; ovary free, 4- 
aiigled, 4-celled ; seeds very numerous, attached to the sides of the dis¬ 
sepiments ; embryo in fleshy albumen. The relations of this Order are 
at present obscure ; most authors connect them with the Aristolochiacese 
&c. They are natives of swamps in the East Indies and China, and one 
or two are found in the Seychelles and Madagascar. Several species are 
cnlti^•ated in our stoves on account of the curious pitcher-like organs 
which are developed from some of their loaves (§ 101). They do not 
appear to have any active properties.) 
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Class II. MONOCOTYLEDONES. 

497. Angiospermoiis Flowering Plants, with stems in which the 
woody bundles are isolated and diffused through a parenchyma in 
which there is no distinction of pith and bark, the individual woody 
bundles npver being developed further after the fall of the leaves to 
which they belong; the leaves (very commonly sheathing at the 



Figv419. Leaf of d/oWcrtfl. [22. Ternary flower of 

Fig. 420. Leaf of Canna. Fig. 42tl of ditto. 

421. I^af of Sagifiaria, Fig. 424. Moiiouotyledonoufl erul ryo of Fotamogeion. 


base) generally wnth a number of nearly parallel, straight or curved 
ribs (fig. 419), or with similar ribs given off from a midrib (fig. 420); 
the cross veins suddenly smaller, (fig. 421), occasionally netted- 
veined: the flowers generally with three organs in each whorl 
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(figs. 422, 423); the floral envelopes often all petaloid or all green 
or sealc-like, rarely with a green ealyx and coloured corolla; seed 
with an embryo which possesses only one cotyledon, usually rolled 
round the plumule like a sheath (fig. 424, h, c); the radicle (a) never 
developed into a tap-root in germination. 


Subclass 1. SPADICIFLOR.®. 

498. Slonocotyledons with the inflorescence composed of flowe];u 
with a scaly, incomplete perianth, or achlamydeous, often unisexual, 
arranged on a more or less fleshy spadix, wliieh is naked, or more 
frequently enclosed by a large spathe. 

In the ralmaccm, the structure of the flowers approaches that of Lili- 
aceie in the next Hubclaas; the Lemuacea.', usually considered the lowest 
representatives of tlie Avoid t} pe, have so fi-w flowers that the spadicifonn 
peduuulo does not represent (liis struct luv very clearly ; but it is sunminded 
by a spathe. Taccaceuj resemble Aracem in habit (but thoir flowers are 
far more complete) ; hence they connect this Hubclass with the next. 


/Ordeu ( XXXVIII. PALMx\CE.E. Palms. 


C/asg, I’rincipes, JE/id/. All. Palmales, Limll. Coh, Palniales, 

Hciitli. at Jlouk, 

499. Didi/vonis .—Trees or shrubs, mostly with a simple un- 
branchcd trunk (fig. 42.')), occasionally slightly ramified, with largo 
tonninal clusters of mostly compound, stalked leaves, the stalks 
slicatliing at th^base; flow'crs unisexual or peri'ect, Avith a double 
3-merou.s perianth, on a niostlj' branched, scaly spadix enclosed by 
spathe (fig. 42(5); stamens (5, hj-pogyiious or perigynous ; ovary of 
1-3 free or coherent earpc'ls; ovules solitary, rarely two; fruit 
baccate; seeds witli a niinuto embryo imbedded superficially in 
boniy, fleshy, or bony albumen (fig. 428). 


Cbnmmdorea, WilM. 
Arecn, L. 

Ceroxylon, 11, £. 

Caryota, L. 

Calamus, L, 


Illusthative Geneka. 

Sagus, Gcertn. 
]lora.ssus, L. , 
Lodoicea, Lahill^ 
Sabal, Adam. 
Chamffirops, L, 


llhapis, L.Jll. 
I’liQuiix, L. 
Attalen, H. li. K, 
Elais, Jacq. 
Cocos, L. 


Affinities, &c.—The I’aJms form a A'ery natural Order, including a 
great number of plants varying to a considerable extent among them¬ 
selves, but separated by very distinct characters from the rest of the Mo¬ 
nocotyledons. They, as a rule, assume on arborescent character, the 
stem being formed on the some fundamental plan as those occasionally 



Fig. 42ft. Trunk and of u ffiu‘'ncs of Areca. 

Fig. 42»k Sj>athi» and Hpa^fix of Af<trvmrijHiii vu\<)i(r<>. 

Fig. 427. Si’ftion of thv fruit of the Coeba-nut F:ilm: x, the »h<*U of the nut. 

Fig. 429. A Date, with half the pericar|» (e) rcMuovt'd to show the so^d and embryo (x). 

the forms with scarcely developed inteniodes, marked externally by the 
scars of the fallen leaves, n}>Tee essentially with those of Yncat, Xtm- 
thorrhcen, See., except that the fibrous cortical region is little de^■eloped, 
and does not exhibit growth by successive layers as in those plants ; the 
Hypha-nen, which have a branched stem, seem to ramify i.n the same wav 
as the Vellosieep, by a bifurcation resulting from the occasional develop¬ 
ment of an axillary bud, which manifests a posver of growth equal, 
‘or nearly so, to that of the tf^rminal bud. The ramification of the trunlis 
above ground is a rare phenomenon; but it is very common for suckers to 
be sent out from the bases of the stems b(!low the soil, imitating on a 
large scale the appearance of, the young bulbs around the parent in the 
herbaceous Monocotyledons.'' The parenchymatous .substance of the stoin, 
in which the fibrous structures are imbedded, varies mueli in consistence: 
sometimes it becomes lignified, and gives a solid character to the trunk, 
as in the Cocoa-nut Palm; sometimes it is soft and .sponjiy internally, as 
in the Sago-palms, becoming filled at certain seasons wdth starch. The 
spadiciform inflorescence, unfolding from within a large, foliaceous spatlie, 
connects the Palms with thewVraceae, a relationship further indicated by 
the low type of structure of the floral envelopes; out there is a general 
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tendency to union of the sexes here, and a difference in the position of 
the embryo within “the albumen,—not to dwell upon. the wide diversity 
of genenu structure and habit. The regular ternary arrangement of the 
iiowers, the 0 stamens, and the .‘1-carpellary superior owy approximate 
tliis family to the liiliaceas, in which, however, the habit differs in almost 
every respect, besides the great diversity of the fruits and seeds. The 
iiifloreseence of the Palms is in some cases axillary, allowing of indefinite 
growth of the trunk by the terminal bud j in other cases it is terminal, and 
t he flowering of the plant then puts a period to the term of growth (some¬ 
times as iiiueh as 20 years), the trunk dying after the ripening of the fruit 
(like the main stem of tlie A(/ave], but occasionally perpetuating itself 
b}' siibterniiiean axillary suckers. Somotinies the a.xillary inflorescence 
break.s out from above the cicatrix of a long-fallen leal) on the bare part 
of the stem. The iiowers are generally very numerous; it is said that 
the male iuflore.soeiice of the Date bears 12,000 flowers, aud that a bunch of 
.some of tlie South-.Vmericaii I’ahns will hear 0000 fruits. In Alfonsia 
(mujtfddVma 207,000 flowers have been eonipnted on a single spadix, or 
()00,000 on one plant! 'J'here is very cou.siilerable apparent variety of 
form and structure of the ripe fruit in this Order, easily reducible, how¬ 
ever, to a single type. j\.s a rule, there are 3 carpels, either distinct or 
united into a .‘1-celled ovary, each cfirpel commonly producing 1 ovule; 
ill C'tcoH, howcV(!r, 2 out of the ;} cells are rudimentary, and thus only 1 
ovule is developed even at lirst; in Artii'a and others, !3 distinct cells and 
ovuhis originally I'vist; in Chamo.-rOjis and Plurnix the 3 carpels form 
s(>parat(! 1-ovnled pistil.-.; in Jionimis, a 3-eelled, :i-ovuled ovary exists, 
and the same in Lodoiceti. in the course of the maturation of the fruit, 
the pericarp becomes variously developed, and more or less of the ovules 
nr of the tlisfinct simple ovaries are allotted. In Cocon the pericarp is 
developed around the one perfect cell, externally as fibrous husk, inter¬ 
nally as the woody sliell of the nut; the tioshv part of the nut fhollow) 
const itutes the albumen of the seed surrounded by a brown testa; and the 
embiyo is loilged in a cavity in the substance of the albumen, at one side, 
near the base (fig. 427). Ill Arcca, 2 out of the 3 cells and ovules are 
abortive ; the pericarp ripen.s into a fibrous busk round a solid seed, chiefly 
compo.sed of horny ruminated albnnieu (the Areca-uut). In Chwnaropis 
and Plueniv, 1 out of the 3 .simple ovaries ripens into a beiTy; the pericaip, 
becoming the pulp (Date), coiituiiia a “stone,” or seed which is a solid mass 
of horny albuiiion with the embryo imbedded in a small cavity a little 
beneath the surfime (fig. 428), its place being indicated by a papilla on 
the surface. In Jioyastm, all the ovules become developed, and form 3 
fibrous “ stones ” in the fruit. In Lodoieva it often happens that 2or even 
3 (ivules coah'.sce during ripening, forming large, hollow, double or triple 
nuts, of the same character a.s the Cocoa-nut, enclosed in a large fibrous 
husk (these are the “ Double Cocoa-nut* ” of the Seychelles Islands). 
In Sdf/un and otlier genera the ovary is dlothed with imbricated scales 
pointing to the base, which ripen into woody structures, forming n peculiar 
Iiard-.scaled covering to the fruit. 

Distribution.—A large Order, consisting of about a thousand species, 
cbiofty tropical; scarce as regards species in Africa; a few advancing into 
temperate latitudes in North America, Europe and Asia, aud New 
Zealand. 

Qualities and Uses.—Having (apparently) no noxious properties, the 
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very varied products of this noble Order of plants render them of an im- 
• pij^rtanee to jnan second, perhaps, only to that of the Cereal Ornsaos. 
iWit juices and secretions furnish sujrar, starch, oil, wax, and resins; fer¬ 
mentation of the juices of many produces spirituous liquids. Some have 
edible fruits of "reat importance ; the succuileut buds of others are used 
as esculent vegetables; their leaves are applicable to countless uses, from 
thatehiiig hutB to plaiting mats and hats: the fibrous substance of the 
sheathing petioles furnishes material for cordage, or, when more solid, 
supplies a valuable substitute fur bristles and whalebone ; the fibrous husks 
of me fruits atford te.^tile materials; the tnmks of some kinds become 
valuable timber; and the hard albumen of the seeds of several kinds is very 
largtdy used for turners’ work connected with cabinet-making &c. 

Saccharine juice, furnishing sugar or fermented liquid, according to the 
use "made of it, is obtained abundantly by cutting the unopened spathes 
of Cari/ota vrms, Coens vneifera, liorassiis faheUifnrmis, Rhapis Hnifera, 
Sa/pienis (Arc/iper') saceharifer, I’kocnix si//rest ns, Manritia vinifern, Etais 
f/ui'tieeiisis, and others ; starch is obtained abundantly from the central 
parenchyma of the trunk of Sof/iis Jiimip/iii, Metrori//on leere, Safftierus 
saceharifer, r/iaaii.r farinifera, &c. Oil is obtained especiall}" from the 
African Oil-Palms (Elafs ipiineensis and E. me/anocncea), the fruits being 
crushed and the oil e.xtracted from the alhunnm by boiling in water; 
Cocoa-nut oil is obtained from the albumen of the seed: wax is ex¬ 
creted on the lower surface of the leaves of Copernicia eerifera, on the 
trunk and between the leaves of Crroxylon anilieoln, Calamus Drarn, 
JL/pheeiie, and others have a re.«inous matter in their juices. The most 
important fruits are those of the Date ('/V( 0 'V(/.rdocty///’m() and the Cocoa- 
nut (Cocos mwifera ); the fruit of Hi/phreiie fhchaiea, the Egyptian Doum- 
palm. is also eaten ; and the seeds of Arera Catechu (Detel-iiutsj, are very 
largely used in the East Indies, for chewing with the leaves of the Betel 
Pepper. The fruits of some of the Palms are acrid ( Caryotu, Saf/urms ); 
the acridity, however, is removed by .“oaking in lime-water, and they are 
eaten preserved with sugar. The Indian Cabbage-palm, of v\ hich the 
buds are eaten boiled like cabbages, is Acecn olcrccccr; Euterpe iiimitmia is 
used in the same w’ay. Fibrous sub.stance is dmived from the hu.sk of 
the fruit of the Cocoa-nut (Coir), Astr.ocaryum vvlyare, Atta/ea fuuifera, 
and others; the bristle-like Pia.ssaba fibres, used for brooms, are from 
Lenpnldinia IHassaha. The wood of the Cocoa-nnt Palms is hard, durabh;, 
and handsome (Porcnpine-wood1: ISnrassus Jtahel/ifnrmis yields what is 
called Palmyra-wood. Nuts suitable for turning are afforded by the seeds 
qf Attalea fuuifera (Coquillanuts) mdi Phytelephas macrurarpa (Vegetable 
Ivory). 

Common canes are the stem.s of Calamus Sei/iiomim, Zalacca, Ruden- 
tum, &c. Partridge canes, used for w'alking-.«ticks kc.., are stems of an 
unknown Palm. The petiole* of Chamerrops hvmilis are used for walk¬ 
ing-canes in Italy; and the fibre of the leave.s of this plant is jiow coming 
extensively into u.se a-s a substitute for horse-hair. Tne fnregoing is only 
a brief summary of .some of the h(!st-known uses of these plants; similar 
products and applications are connected with a great number of other 
species besides those hero mentioned. Several species are cultivated, for 
the grandeur of their foliage, in our stoves; and some, such ns Juhrra spec- 
iahilis, Chamarojys e.rceha, are sufficiently hardy to be grown out of doors 
in the south of England. 



SPADICIFLOIta:. 


369 


Order CXXXIX. PANDANACEili. Screw-Pi^ies. . 

C/as«. Spadiciilorse, All. AiaX&i, ,Lindl./_ 

oOO. DUtfjnusis, —Trees or shrubs of Palm-like habit, but oftorf dichoi 
tomously briiuthed, with the leaves shoalhing at the base, imbricated, ia 
•‘5 spiral ranks; dowers numerous, naked or scaly, male and female or 
polygamous, arranged densely on a spadix furnished with'numerotis spa- 
tiiaceous bracts; anthers stalked, 2-4-celled; 6'. firies mostly 'group6d,_ 1- 
celled, with solitai’y or numerous ovules on parietal placentas j fruits with 
a iibrous husk, 1-seeded, arranged in groups, or mauy-celled berries with 
many-seedod cells; embry'o minute, iuibedded at the side near the base of 
Ileahy albumen. 

Illustrative Genera. 

Suborder 1. Pandane.e. Flowers Subord. 2. Cyclantuk^. Flowers 
naked; leaves simiile. niostly with a perianth; leaves fan- 

Pamlauu.'i, L.Jil. shaped or 2 >innatc. 

Freyciuetia, Itaml. Carludovica, R. P. 

Nipa, Ritmph. 

( t^yeliUitlius, Poti. 

Affinities.—This Order is related on the one hand to the Typhaceto by 
thi‘ iiitiore.sceuce, which re.sembles that of tdparyuniuni ; on the other to 
the. Palmacou!, which the Ci/elanthe<e approach in habit and foliage. The 
liranehing stem and the large aih’ial roots of Pandanus (tig. O) are ex¬ 
ceedingly curiums. 

Distribution.—'Propicnl: the Pandaneee chieily in tlieEa.st-IudianIslands, 
Mauritius, &c. ; the ('i/elatithere Ameviem. 

Qualities and Uses.—The seeds edible; saccharine fernumtible juice 
tlows from the cut .spadices of Fipa and other species ; the leaves and fibres 
are used for cordage, plaiting hats, &c. 

(TYi’irACK.E are marsh-herbs, with nerved and linear ae,ssile leaves and 
moncecious flowers, ou a spadix or in heads, destitute of aproper perianth, 
which is re])laced by tl or more sc.ales or ^ tuft of hairs; 

.stamen.s l-ti, distinct or moniidelphous; anthers innate; rig. 4_J. 
ovary solitary, 1-celled ; ovule siditary, pendulous ; em¬ 
bryo in the axis of mealy albumen (tig. 42t)) ; radicle 
ni'.xt the hllum. The habit and general appearance of these 
plants resemble, those of Cyperacmie, and the hairs of the 
tiowers of Typha are analogous to those of Friojthornm ; 
but they belong to the Araceous type, and the structure 
of their inllorescence n])proache8 closely, in Sparyaniiim 
especially, to that of Paudanacese, which, however, have 
the ripe fruits more or less blended into a mass. There 
is also some resemblance in the infloresceuco and in the “ 
flowers to Platanacem. The plants grow in ditches and marshes in most 
parts of the world. The rhizomes of Typha contain a certain amount of 
starch, and the j'oung shoots of Ihilrnshes {T. latifolia and T. anyusti- 
foliu) are sometimes used ns esculent vegetables, lilie those of Asparagus. 
The abundant pollen is yilso nutritioms, and is made into u kind of bread 
in Scinde, in New Zealand, and elsewhere.) 



STfl 


STSXEMA.TIC BOTANY. 


. Order CXL. AROIDEiE. 

Clasn. SpadicifloRB, Sndl. All. Arales and 
Juncales, %iiull. Coh. Arales, lienth. et Hook. 

501. Diof/nosis .—Plants with acrid or 
pungent juice, simple or compound (often 
veiny) leaves, and moncecious or perfect 
flowers crowded on a spadix, which is usu¬ 
ally surrounded by a large bract or spathe 
(fig. 430); perianth wanting, or of 4-6 
scales; fruit usually a berry ; seed with 
the embryo in the axis of meal}' or fleshy 
albumen, or occasionally exalbuminous. 
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Subord. 1. Ahace.*). Flowern im- f Subord. 2. OnoxTiArn-E.-F/ mw.'* 


perfect; spadix surrounded by 
spathe. 

Arum, L. 

Colocasia, Bay. 

Caladium, Vent. 
Dieflenbacbia, Sohatt. 
Pichardia, Kunth. 


a j perfect, mostly with ii perinnfh; spa¬ 
dix surrounded by a spathe, or naked. 
Tribe 1. With a spathe. 

Oalla, L. 

Pnthos, L. 

Tribe 2. Without a spathe. 
Orontium, L. 

Acorus, L. 


AfflnitiMi. —The peculiar thickened fleshy flowering stein densely 
covered with flowers of rudimentaiy structiire, forming the spadi.e of this 
Order, together with the spathe mot with in most cases, give the group a 
character of habit which is generally very distinct; some genera, however, 
such as Acorus, depart from this form, and approach the Tvphnce.-E or 
Cyperacese in aspect, with which the .«padiciflorous structure at the same 
time unites them; they have further relations with the Pandanace.T, and 
also with the Palmaceaj, in which the inflorescence shares the spadici- 
florous characters; and although the perianth is much more definite and 
highly developed' there, its presence in Acorus and Oroniiam of this 
Order forms a connecting link. I.emnacero are closely related here, and 
perhaps should be regarded as the simplest form of Aroids; but the 
conditions are so simple there that it is more convenient to separate them. 
From Naiadaceie, in which tlie inflorescence is moreover hardly spadioi- 
florous, the Aroids are easily.flistinguished by the character of their seeds. 
The Arace® are «ther herhs, sometimes with very large leaves and 
spathes, or their stem becomes more pr less developed and branched, so ns 
to give them a shrubby character: white others are epiphytic and climb¬ 
ing plants, producing aerial roots like the Orchids. ITie leaves are of the 
most varied character in this Order. 

Dlatrlbntlon. —A largo Order, not numerous in temperate climates, but 
represented there hy Arum, Calla, and Acorus. Most abundant in the 
tropics, especially in forests and the lower regions of mountains. 
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Qualities and Uses. —^I’he juices of the Aroids are generally acrid and 
dangerous, some very poisonous; but heat seems to dissipate the noxious 
principles. The acridity is replaced by agreeable aromatic pungency 
in Acortis Calamus. The conns and rhizomes often contain much starch, 
which is extracted, and purified by washing, from Arum maculatum (Port¬ 
land Arrow-root); while the conus of Aram indicum, AmorphophaUus cam- 
pamdatits, Caladium hicohr, Coheasia escuknta (“ Cocoes ” and “ Eddoes,” 
Wi:st Indies), C. tnacrorhiza (“ Tarn,” South-Sea Islands), and C. hima- 
lai/eiists are eaten, roasted'or boiled. The rliirome.s of Calla palustris are 
also eaten after thorough washing. Duffeuhadua seguina, tne “Dumb- 
cane ” of the West Indii^s, is so called from the inflammation of the tongue 
and I'auces produced by chewing it; Draenntiurn pertmum (remarkable for 
its perforated leaves) has blistering properties. tSymphearpus fobtidus, the 
‘‘Skunk-cabbage” of North America, is very foetid, as is also the newly 
opened inflorescence of Arum Dracmindm, A. italicum, and others, which 
produce sickness and serious indisposition in some constitutions. Richardia, 
(frkumi is Itie, white-spatlied “ Trumpet-lily ” of our conservatories. The 
species of Fhilmhmlrou, with ro.sy spathes and broad leave.s ^ feet and more 
long, are very luiiidsome stovc-plnnts. The recently introduced Anthu- 
rium Scherzeriiiiwiii is particularly noticeable for its brilliant scarlet 
spathes and its twisted spadix. 

(Lksinacm are minute steniless plants, floating free on the water, 
citlicr destitute of distinct stein and foliage, as in Lemna, or consisting of 
tufts of leaves connected bv liliform runners (PIstia); producing few 
luomecious flowers, surrotimied by a spatlie, from a cjiiuk at the edge or 
upper surface of the frond, or in the a.vils of the leaves; stamens definite, 
sonietinies iiionadelplious; ovarv ]-celled, with 1 or more erect ovules 
from the base of the cell; fnnt a 1- or more-seeded utriclef'embrvo 
straiglit, ill the axi.s of flesliy' albuimm. Lemna, the genus to which tlie 
common Duckweeds belong, is one of the simplest representatives of the 
riianerogniiiia, conino.sed of a stem consisting of 2 or 3 small leaf-like 
lobes })rtjduciiig little filiform roots below, and ultimately di.splaying a 
scale-like spathe at the margin, eiiolG.-iiiig tlio inflorescence, reduced to 
two naked and unisexual flowers; the male flower coiisisliiig of one or 
two stamens, the feinalt! of a .'^iin]de pistil. Pisfia, also represented by 
little floating water-plants, lias distinct tufted leaves, mid the tufts are 
connected by flngellifonu liranclies like the runners of a StrawbeiTV. The 
spathes are here axillary, am! they enclose separate male and female 
flowers seated on distinct parts of the central line of the spathe, which 
would appear tlierefore to be a branch, like tlie leafy peduiifde of Rusctis, 
or else it has the spadix or peduncle adherent to its inner face. By some 
this genus, with Ambrosinia, i.s included under time Arads. The Leiii- 
nacciP are the lowest forms of the Avoid t;^e of Monocotyledons, aud are 
related by habit to . the Naiadaceie. The Lemna- occur cliietlv in cool 
climates; PisHa principally in the tropics. PiAia appears to possess 
acrid properties; but the plants are of little importance, except, perhaps, 
os tending to purify the stagnant pools and ditches in which they abound. 
Genera: Letnrn, L.; ISstia, L.; Ambrosinia, L.) 
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Subclass PETALOIDE.®. 

502. Monoeotj'ledons, vrith the floral envelopes consisting of a 
regular or irregulaj perianth, of two whorls, both petaloid, or more 
rarely both herbaceous, sometimes with a green or scaly calj'x and 
a petaloid corolla ; the flowera mostly perfect, more rarely unisexual; 
the leaves with the primiiry ribs parallel, or with a midrib and 
parallel secondary ribs, or rarely reticulated somewhat in the same 
manner as Dicotyledons, but with the veins branching at more 
obtuse angles. 

The greater part of the Orders here associated have a natural connexion 
in the structure of the perianth (either superior or inferior), the syncar- 
pous ovaries, and the albuminous simds. Hut a small assemblage of ()rtlers 
whicli are included here diverge greatly from the general character, while 
they ditfer so much from each other that they cannot very well be sepa¬ 
rated in the form of one distinct grou]): these are the Ilydroeharidaceie, 
the Alisniacesie, and the Maiadaceae, whicdi agree in the common character 
of an exalbuminous seed: but the first have an inferior compound ovary, 
and seem to approach Bromeliacea?; the second have more or less distinct 
eaipels, together with a green calyx and coloured corolla, such as occurs in 
OommelynacHa'; while the third, also apocarpous, iu their simpler forms 
approacS in habit to tho Aracea). 

Section A. Ovary inferior. 

(TAdeACKJE are tropical perennial h(>rbaccons plants with tnbcroiis 
roots and large leaves, somewhat resembling Aracete in habit, but with 
epigynoiis, petaloid, hermaphrodite flowers, the perianth of which is 
tubular; concealing 0 stamens with petaloid iilaments incurved and hooded 
at the apex; ovary 1-celled, with .I parietal plaeenta.s projecting more or 
less into the interior; fruit a berry; seeds with fleshy albumen. The 
plants are commonly regarded as (UJimeeting the epigv'uoiis Monocotvledons 
with the Aristolochiacc.'ie, a Dicotyledonous Order with .■5-raerous flowers ; 
they have aflinity in habit to the .Vraccic, and in tlie ilowers approach 
Dromeliacese. The wat<!ry juices of the^c plant-, are acrid; but tbo 
tuberous roots contain much starch. This is extracted hy washing from 
Taccu pinnatifida, by the inhabitants of Tahiti and other islands of tho 
South Sea, wflio use the meal for broad, cultivating the plant in fields. 
This species, with T. duhia, montaiiri, and others, are used in like manner 
in Jfalacca, the Moluccas, Cochin China, See., and are sometimes eaten 
raw with an acid, which neutmlizes the acridity. Genera: Tacca, Forst.; 
Ataccia, Presl.) 

Obdeb CXLI. DIOSCORHACE/E. Yams. 

Class, Artorhiz®, Endl. Class. Dictyogens, Lindl. Coh, Iridales, 
lienth. et Hook. 

503. Diagnosis, —Plants witli twining stems rising from large tuberous 



P£TALOIP£^. 


373 


or linotted woody i'oot-stocks, with brofld netted-veined stalked leaves, 
small dioecious (i-aiidrous regular flowers, the tube of the 0-parted perianth 
adhering in the fertile flowers to the 3-celled ovary; styles 3, distinct 
or deeply tritid; ovaries 1-2 in a cell; stamens of thebnn'cn flower (5, on 
the jKinniith ; fruit a Jj-cellod (or by suppression 1-cellcd) dehiscent 
capsule, or a succulent berry; seeds with a small embryo in a cavity in 
the hard albumen. , ■ , 

InnusTitATivu Geneh u 
T amils, L. | Uioscorea, L. 

Affinities. —A'ory near to Srailaceie, from which thev differ in the in¬ 
ferior ovary and the cavity in the albumen ; the mostly capsular fruit is 
replaced by a berry in Tamu^, like that of tSmihw, but inferior instead of 
superior. The epigvnous condifiou relates these ]dants to Ainai-yllidaceas. 
Some authors consider that tliey are related to Aristolochiacem ; but it is 
a distant affinity. 

Distribution.— A ratlier large group, chiefly tropical; Taunts communis 
is llritish. 

Qualities and Uses.—The sap is often move or less acrid; but the tubers 
forme<l by certain sjreeies of Yams, Dioscoren sativa, ahtfn, and actdcaia, 
contain abundance ot starch; so that, nmler cultivation, and after cooking, 
when th(> noxious principle is dissipated, they become valuable articles of 
food. 'J’he tubers of otheri.t/o.sc(//vrc are unfit for food; and those of ZVj- 
mus rommunts, Jilacli llryony, have acrid, purgative, nud emetic properties. 
lestiiiliiiana l•it'/>htlll/i/M‘s,il (.’ttjie pliuit,in cultivation in our liotamc Gar¬ 
dena, pri;cliic(>s ii reniarkahle tuber above ground, resembling a rugged 
stump of an old tree, coverinl by a kind of false bark, which is leaseliated 
with large compound angtdar laeets; its internal substance is oaten by 
the Hottentots. 

(I'lni.usiACU.n are climbing or erect sliruba with coriaceous, netted- 
ribbed leave.' iind large and showy perfect tiowers with an li-merous peri¬ 
anth in two circles, equal, or the etilvx much shorter; stameii.s 0, adhereut 
to the pcri.aiith at the base: ovary 1-cellcd, with 3 p.arietal placentas; 
ovulc.s semianatropoiis (not orthotro])ons, ns is commonly stated). These 
plants, consisting of Litjiaija-iti rosea, a climbing shrul^ with beautiful 
crimson tiowers, and PhUcsin hoxifn/iti, th(> ilowers of wbicli differ chieffy 
ill the marked ditrerenec of calycinc and corolline circles and the mode of 
union of the bases of the filaments, differ from Liliacete. chiotly in the 
parietal po.'itioii of the placentas ; in habit Lopatjeria is related to Smilax, 
and is in some ineasiiri' inteniicdinte between yinilacem and Liliaccte. 
They are Chilian plants, now in cultivation with ns. Lapafferin bears 
sweet edible berries.) * 

(KoxiituiGirrACEjK consist of 4 species of Itoxlurpliia, twining slirubs 
with broad leatlierv Icuies and tuberoms roots, from the hotter parts of 
the East Indies. Their habit connects them with Smilaccai; but their 
perianth is composed of 4 petnloid pieces, and they have 4 staineiis with 
enlarged connectives (each set of organs, according to Griffith, in 2 di¬ 
merous circles), and the 1-celled ovary (formed of 1 carpel, according to 
Griffith) has numerous auatropous ovules arising from the base of the 
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cavity; the sessile stigma is penicillate. The fruit .is 2-valved, witli 2 
clusters of seeds attaclied on long cords; embryo in the axis of fleshy 
albumen. The affinities of these plants are not clear; but the resem¬ 
blance is perhaps greater to Pans than any other genus that can be 
named.) 


Order CXLII. SMILACPLE. The Saksaparill.a, Order. 


Class. Coronarieie; Pndl. Class. Ifictyogens, Lindl. Coh. Liliales, 
. Benth. et Iluok. 


Fig. 4;11. 

504. Diagnosis .— Herbs or climbing shrubby plants with 
stalked nettcd-veincd loaves, regular perfect or dimcious 
flowers, with the <)-10-parted perianth of the fertile 
flowers free from the ii-o- (rarely l-2-)celled ovary; 
stamens 6-10, Introrse ; styles or sessile stigmas ns many 
as the cells of the ovary, and distinct; fruit a berry 
with few or several seeds; embryo minute, iu hard fleshy 
albumen. 

Il.r.DSTUATIVF. GeXERA. 

Smila.x, L. Trillium, Mill. 

Paris,Hedeola, Grunoc. 

Afflnitlea. —The plants are not separab.'d bv any good charac- stiim.'n 
ters from the Asparageous tribe of the Lillaecie on the one oSParin. 
hand, while they pass into Dio.'icoreacc.'e on the other, from 
which they differ chiefiv in having a superior n\'ary. iSmilax rejiresents 
Smilaceie proper; Pans, Trillium, kc. Iuiac the calyx unlike the corolla, 
and are sometimes made a .separate ()rder, called Trilliacea;. 

Distribution.—A considerable Order in point of number.s. Temperate 
parts of Europe, Asia, aud America. Mari}’ species of 8milux in tropical 
America and Asia. 

Qualities anr^Uses. — Smilux has diuretic and dcnmlccnt properties, for 
which the creeping rhizomes of many species are ’i.scrl, under the name of 
Sarsaparilla, as Sm.'vtedira (Xera. Oruzj, S. Purhampuy (Peru), S. .syphi¬ 
litica (llrazilian), S. tijfficiiialis (.lamaiea), S. (/lycypliylla ( Australia); 
SmiUix uspera and cxnlsa, native.s of S. Europe, have similar properties. 
Smila.T China has a fleshy root, said to po.'-sess similar properties. S. 
Pseudo-Chim is largely used in domestic medicine in the llnUtid Stiile.s. 
Paris, Trillium, and HLdeola^axe. more allied to the active Liliacero in their 
properties. Paris quadrifolia, a curious herb growing in groves in this 
country, is said to be a nareotic and poison ; Medcoia virytnica is emetic 
and diuretic. The species of Trillium are violent emetics. 
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Order CXLIII. LILIACE^E. Lilies. 

Clans, Coroiiariom, Endl. AU. LiliaUis, Lindl. Coh. Liliales, 
Benth. et IlouTc. 

505. Ditiifiwsis .—Herbs with parallel, sessile or sheathing leaves, 
regular pori'eet (i- (rarely 4-)aiiclrous flowoi ., with the petaloid 6- 
meroiis perianth free from the 2-3-colled ovary; anthers introrse, 
attached by a point; style single ; albumen fleshy. 

Character. 

Perianth free, of (5 pieces in 2 circles (fig. 432), distinct or united, 
mostly of .similar colour, ami regular. 

Stamens (i, introrse, insert (id on the segment.s of the perianth. 

Oi’anj free, 3-celled, with numerous anutropous or amphitropous 
.ovules on axile plaeontas ; st>jh.s simple ; sfnjma 3-lobcd or undi¬ 
vided, sometimes sessile. 

Frvit dry find capsular, loculicidally valvate, or succulent and in- 
dehiscent; suola with the embryo mostly in the axis of fle.shy 
ulbumeti. 


Hg. 4:W. I’ig. 434. 



Fip.4.i2. Flower of XesHn. Fig. 4.13. Stuineii of-dWiwm. Fig.t.14. Inflorescenoeof 


iLI.rSTli.VTIVE Okneua. 

Tulipa, Tonrnef. | Sans(’vi(>rn, Thanh, Ilynciiitlms, L. 

Fritillaria, L. ' ' .Moe, Tonrnef. ■* A.<pliodelus, L, 

laliiim, L. Yucca, L. ' Asp.arngu.-i, L. 

Funlda, S/w. Allium, Z. Dracmnn, 

Agapautlui.s, TBrit, Scilla, Z. C’ouvallajia, Desf. 

riiormium, Forst. Muscari, Tonrnef. Iluaeus, Tonrnef, 

Affinities. —Loolting only at the more familiar for^ of the Lilincese, 
the characters of the flowers are very definite, although the habit of the 
plants brought together in this Order varies extremely; but there exist 
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certain genera of petaloid Monocotyledons, whose relations appear closest 
to' Liliacete, which form links of chains leading olf in very varied 
directions, tluon^jh the Ordew of this Subclass. Tulipa and the allied 
genera, with usually distinct lobes to the peiianth and versatile anthers, 
are bulbous herbs; Fioikia, IlemcrocnUis, and other genera have a more 
or less tubular perianth, and often tuberous roots instead of bulbs; Aloe 
has thick succulent leaves on a perennial stem ; Yucca has a Palm- 
like stem and rigid leaves. Scillii, AlHiiut, and their allies are bulbous 
herbs, ditfering chietly from the group to which Tulipa belongs in the 
firmly fixed anthers, and a membranous spatbe enclosing the intiorcsccnce 
when young. AiitJtcncum and others resemble the last, but have tuberous 
or fibrous roots ; Aplii/llauthcn is a plant with the habit of J uncacea* and 
the flower of Liliacem; Xunthnn ha a, a genua belonging to the same group, 
forma a woody trunk like Yucca, or a small Palm. Aspurtiipis and its 
allies, including Couralturia, ‘Smilncinn, l{uscu.t, &c., together ^\■ith the 
arborescent Dracecnrc and Cordt/liucs, are t.iliaceie with succulent fruits, 
and scarcely separable from .“smilaceio. Ciuniuf/tcra and its allii's, with the 
generiJ structure of Taliacem, have the perianth more or less adherent, 
thus approaching ^^marvllidacete. IVuchcndorJia, Laphiola, and others 
have the free ovary of Liliacere, but triandrous ilowers atid the foliage of 
I"Iiemodorac(‘.X‘. Aspitliittra bears some resemlfiance in its foliage to 
Zingiberacese, wliile tlie character of the tlowei-s approaches that of the 
complete j^raccie. Ophiopoym and Pclmauthcif ^tre, likewise doubtfully 
placed here; but tlieir structure is not satisfactorily made out. 

\V e see, therefore, that the Liliaceic have widely spreading relations, 
although the tyjjical forms are at once distinguishable. The superior 
ovary separates’tliem 'from .4maryllid!we!i‘, and the intrnrse stamens and 
closely coherent carpels from the .Melanthacea!. Their very near con¬ 
nexion with SmilacetB is noticed above; they have a more distant affi¬ 
nity to the Palms and to the .runcaceic in the general structure of the 
flowers, ditfering from both in habit, fruits, and seeds. Gilliesiaceie and 
PontedeAcete are scarcely more than aberrant LiliaceO! with irregular 
flowers. 

• The structure of the arborescent stems of Jlrucfcun, Corrlylme, Xaii- 
thoirhwn, Yucca, kc. has attracted considerable attention, since, contrary 
to the usual habit of i[ono{-ot 3 ’ledon.s, their trunks sometimes incrensa 
more or less in thickness with ago. However, the central axis corresponds 
essentially to that of tlie Ihdms; only a poi idinr rind or false hark exists, 
capable of increase by laj’ers, somewhat in the same way as the liber of 
Dicotyledonsi 

Distribution.—A large Order, the, members of which are very variously 
and widely distributed; the bulbou.s kinds common in temperate climates, 
the fibrous-rooted with them and in warmer localities: the succulent- 
leaved Aloes chiefly S.-Africitn; tlie arborescent forms mostly subtropical. 

Qualities and Uses. —Many of the Liliacem liave acti\e properties, and 
the juices, the fibres, or tlie fruits afford products of ' alue in the arts. 
The juice of the succulent-leaved Aloes dries into a kind of resin, medi¬ 
cinal Aloes, one of the most valuable of purgatives; the species from 
which it is usually obtained are Aloe sjneafa, vuUjnris, socofrina, &.e. The 
bulb of Uryinea maritima is the Medicinal Squill, valuable as an expec¬ 
torant and diuretic, but emetic and purgative in large doses. Pancratium 
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(ofton cultivated for its flowers) has similar properties. ' Tier leaves and 
roots of Erythroninfn (Dog’s-tooth), of the Hyacinths (Hj/ncttUfim orien- 
UiUk, hmlaiiicus, SciUa mttam'), and the genera Mxiscari, Ornithogalum, 
Gnyea, all have emetic qualities ; the tuberous fibrous roots ef Asparagus 
aiul of th(> I ,ily of the Valksy ( Convallaria majalis) are said to be purgative ; 
tliii3(> of Solomon’s Seal (Cmivalhiritt ToJyijtmaiwn) are acrid. The bulbs 
of the (Irown-impeiial {FriiUkma ivipariaiis) and other species, and of Glo- 
riosn snperbii, are said to be very poisonous. The bulbs of the genus Allium 
have niihler properties, and at tho same time possess a pungent quality, on 
account of which they are extensively gi'own for food, the large and milder 
cultivated kinds being esculent vegetables; the smaller and more pungent 
.are valued for inipiirting flavour. Allimn Cepa is the. Onion; A. Porrmn, the 
Leek; A. saiinoii, flarlic; A. Svhrrjuprosmn, the Chive; A. ascalonicum, 
the Shallot; A. Scarotloprusmn, the. liocamhole: “Spanish Onions,’’ coming 
from S))aiii, Portugal, and Kg-ypt, are mild varieties of the common Onion, 
the hulb growing to a larger size, and forming less of the pungent secretion. 
Th(.‘ bulbs of Liliiim pouipmiiiiiii constitiite an iuiporlaut article of food in 
Kmntschiitka; the tubers of V<iinussia esadmta are eaten by the North- 
Anicrican ludinns. ’The woody roots of Jlrmama tmninalis ( Cdrdyliuf Ti) 
tire eaten, roasted, by the Sandwich Islanders; .sugar and fm-mented liquor 
arc lik<‘wis(> prepared from its juice ; its leaves furnish fodder for cattle, as 
do those of the (Irass-tree {Xauthon-luva) in Australia; the bastis of the 
young leaves and the heart of the buds of the latter are sometimes used as 
('."culent vegettibles ThO table Asparagus consists of the very young 
anuu.al shoots (tiinoncs) of Asparaytts (^'cwo/!'*', rendered succulent by 
cultivation. Astringtmt resins are obt.ained from some kinds: Dracama 
Jlraco, the Dragon-tree of 'I'enorifle, yields the true Dragon’s Blood, for- 
luei ly much used in medicine, but now seldom met with, the resin of 
1‘fcnif'iirpiis (Leguminosin) being substituted. Xrmlliorrhmi arhorea yields 
llolanv-liay Gum, which is yellow, pungent, and smells like Benzoin when 
burtit. I’hofDuum tenoa'is the New-Zealand Flax plant: the fibre of the 
leaves is very tenacious, as is that of various species of Sanscviira, known 
as African Hemp and How.^itring Hemp in Airica and the Ea.st Indies. 
Active properties and uses are attributed to many other les.s-known spe¬ 
cies. A great number of Liliace.'c, hardy and tender, ornament our gardens 
and .stoves, as will be ri'cognized from the list given above. Pohanthrs 
iuhcrosn is tho ’I'uberose, ceh'brated for it.s fragnince. The Butcher's 
Pironm (Jliisciis arvlciitiis) is remarkable for its foliaceous peduncles (tig. 
4.'14) and really nlmn,st leafless stems; and the fully developed flow'ering- 
stem of Asparagus has only needle-shaped branches simulating leaves. 


Ohdkk CXLIV. MELANTHACE^. The Colchicum 

Ohdek. * 

Class. Coronarie.'e, Eitdl. All. Inlialcs, Lindl. Coh. Liliales, 
Benth. ct Hook. 

.flOfi. Biagnosis .—Herbs with bulbous, tuberous, or fibrous roots, 
regular 6-nicrous and 0-audrous flowers, the O-pnrted petaloid or 
greeu perianth free (or nearly so)- from the 3-colled ovary; 3 more 
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or less distinct strles, and cxtrorse adnato anthers; capsule 3-valvod, 
septicidol, or sometimes loeulicidul; seeds with a membranous testa ; 
the embrjm minute, in fleshy or horny albumen. 

iLI.USTUATn'K GeXISBA. 

Tntieldia, Iluds. Jlelaiithium, L, Bulbocodium, L. 

Asnunea, Lindl. ITvularia, L. Cololiieum, Tournef. 

Toiintef. 

Affinities. —This Order stands very near to Liliace;e and to .Juueaeejc : 
from both there is a general distinction in the extrorso antliors and 
the septicidally tripartible oap-iule ; but neither of th(>so charaiUers is ab¬ 
solutely general. The position of thi^ anthers must bo examined in the 
biul, as they become disarranged by their weight and dehiscence in the 
open flower. Umilarin has a Incnlicitlal capsule and united styles, and 
thus approaches Liliaceas through Hri/tliro>itiiin ; while Streptopus and l)i- 
spontiii approach in character to iSmilaccfv, having aba(a-ate fruit, and the 
latter arrow-shaped anthers somewhat like Paris. Ctdchicam resimihles 
in habit Crocus among the Iridacem, and tilernhcrpia among the Amaryl- 
lidace.tj. Tqficldia has introrse anthers, and approaches Juucacom both 
in thi.s respect and its habit: but its pods are septicidal. 

Distribution. —A considerable group, generally diffused; most nhimdaut 
in Europe, N. America, and X. Asia. 

Qaalities and Uses. —More or less poisonous, with acrid, purgative, 
emetic, and sometimes narccttic action ; several of the more acti\ e specie.s 
yield valuable medicine.s. Of Colchicum aafummde, called Sleadow Saf¬ 
fron or Autumn Crocus, both the conus and seeds are very aetive ; Vmi- 
tnim album, White Hellebore, V. tiif/rum, F. HibadH/a, V. riride (X. Ame¬ 
rica), A.sn//rart officitudis (Sabadilla or Cevadilla of Me.vico), all share the 
acrid narcotic ruialities, poisonous or medicinal, accordijig to the close. 
Most of tlie other genera are su.spicious or dangiu'ons, e.xcept perhaps 
the Uci^laricc (X. America), which are said to be merely astringent. 


Order CXLV. .JUNCACEyE. Rushes. 

Class. Coronariene, End!. All. .Tuncales, Lindl. Coh. Liliales, 
Eenth. H Hook. 

507. Dtaffnosis. —Ora,ss-liko or .eedgy her1)s, witli fibrous roots, or a 
subterraneous rhizoinc', witli jciintcd .“terns, oi’ten capitate inflorc^sceiice, 
and a regular persistent perianth of (! similar .“cale-like pieces (fig. 
stamens fl, or rarely with introrse aiitliers ; ovnrv l-;i-celled, producing 
a fl-valved, -fl- or many-seedtul, or .“oincUimtxs a 1 -celled and, by suppression, 
1-secded capsule ; embryo minute, in fleshy or horny albumen. 


Illusthativu Oknkra. 

Lu 2 ula, DC. 1 Juncus, DC | Narthecium, Afo’/cr. 
AfOultle*. —With Juncacete are included by Ijindley n number of 
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ffenera wliich arc regarded as doubtful, or established as separate Orders 
by some writers, ffiich as Asteliw, a group of woolly-leaved epiphytic 
plants of the southern hemisphere, and Kmgkce, plants with a stem like 
Xanthon'haa and a l-seeded fruit, and some others. Tlie genus Juncus 
(KiislO relates the Order to Liliacea), from which the chief diiference lies 
in tlie habit, the small embryo, and the gliinioid character of the seg¬ 
ments of both circle.s of the p(‘riaiith ; Xurthecium connects them; from 
XyridaceO} the latter character divides them. Xerutes approaches the 
Palms in the character of the iiowers; and this is associated with Kiiigia, 
which has an arborescent habit. The scaly perianlh connects them with 
Cyperncete, llestiaceic standing botwi^en and dillering from the Juncacete 
in trifling points which will be noted under that Order. 

Distribution.—jV considerable group, lire meinhers of which are natives 
chiefly of cold or temperate regions; some oeenr in tropical Australia. 

Qualities and Uses. —Without important properties in mo,st cases. The 
leaves of Hushes (speeie.s of Jiotcvs) are largely used for making mats, 
chair-bottoms, &e.; and the parenchyma or “pith ” of the cylindrical leaves 
and stems wa.s much u.sed until recently for making the wicks of rush¬ 
lights; this substance has a beautiful microscopic structure, being formed 
of regular stellate cells. 

(XYitiDACMCiR are sedge-like herbs with ctpiitant leaves sheathing the 
base of a nuked scape, which is terminated hy a head of perfect 3-androus 
flowers, with a gdumaef-ou.scalyx, a regular eorolla, and extrorso anthers; 
the .‘{-valved, mostly 1-eelled eapsule containing several or many ortho- 
tropou.s seeds, with a minute embryo at the ap(.‘X of fleshy albniueu. In 
habit these plants approach the tilumaceons Orders, as (Jyperaceas; hut 
the flowers are petalonl as regards the inner circle of organs, or corolla, 
nearly approaching t'ommclvnaia at, from which they diil'er in having 
epipe'talous cxlrorsc stamens, in the scaly calyx, and general habit. They 
are mative.s of the tropie.s or adjoining regions. \‘arious specie.s of Xyris 
are used as remedies for cutaueous attections both in India and America.) 


Order CXLVI. COMMELYNACEyE. Spider-worts. 

CTas,«. Enanliohlastae, Hf/. Xyrldales, Zi'w/f. CoJi. Counuelyuales, 

lii’iith. vt llooh. 

508. Diaffiwsk. —Herbs with lihrous, sometimes thiekoned roots, jointed 
and often branching leafy .stems, and chiefly perfi>el and (l-androns, often 
irregular flowers, with the perianth I'ree I'rom the 2-3-eelled ovary, and 
having a distinct green caly x and a coloured eorolla, each of :l parts, the 
calyx persistent; .stamens 0, all ferlih' or some abortive, often very peculiar 
in form; capsule 2-3-celled ; seeds few (2) in a cell, attached by a linear 
hilum ; embryo pulley-sliaped, remote from the hiluin, in dense fleshy 
albumen. 

Illustrative Genkra. 

Comnielyna, MU. | Tradescautia, Z. 

Afflnitlea, ic. —This Order, to whitdi belongs the garden Spider-wort 
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(Tradescantia t'lrffiiiiea), may be regrai-ded as one of the {^oiips intemediato 
between the Orders with (i-meroiis gluiuoid perianth, like the Juncaeese, 
and the petaloid forms like Liliacea*. The jointed solid stems of Tra- 
desfantia are interesting in regard to the comparative structure of Mono- 
cotyledonous stems; they emit roots freely from tlie nodes like Oraeses. 
Tlie liairs of the filaments of the stamens of Tr. rirt/imca are classic ob- 
j’ects to the botanist, from the discovery in them of the rotation of the 
cell-sap in non-aquatic plants. The rhizomes of Conimeli/na ca’leufi/:, tiihe- 
rosa, and others contain starch and mucilage, and are used as food in 
India. Some of the species arc said to have medicinal properties. Tliey 
are natives of India, Australia, Afiica, and the West Indies—a few of 
North America, Tradescantia l injhiica is hardy in our gardens. 

(PoxTEnKnACFjE are a small Order of a(iuatic herbs with perfect 
more or less irregular flowers in a spathe; the petaloid, O-merous 
perianth free from the 3-celled ovarj'; the •'! or 6 mo.stly unequal or 
dissimilar .stamens iii.serted in its throat. They are separated from 
Liliaceaj chiefly by the irregular flowers, tlie persistent perianth rolling 
inwaifls after flowering, and by the mealy albumen of their seeds. They 
are natives of America, North and South India, and Africa, and do not 
appear to have any important properties. Some of the Pimtcdvrife are 
usually grown in stoves where there is a tank, on account of their blue or 
yellow flowers.) 

(JIay.vceje consist of four species of Miiijacn, little Mo.«a-like plants 
occuixing in America, from llrtizil to X'irgihia, separatiul from (-'onime- 
lynacete on account ofl their habit, 1-celled anthers, l-eelled ovary with 
parietal placentas, and the carpels opposite the inner lobes (petals) of the 
perianth; they have no useful properties.) 

(GiLLrF.siAcE.Y; are a small Order of pi,ants of somewhat anoni.aloiia 
structure, related to Liliacem; they are bullious herbs with spikes of 
flowers ^i^hich have a double circle of petaloid envelopes, 6 or 8 subulate 
proces.ses, then a cup-like or labelloid ore:aii bearing .‘5 or 0 anthers on its 
inner surface, and a 3-celled ovarj'. Lindley regard.s the petaloid enve¬ 
lopes and subulate processes all as bracts, and the structure on which the 
anthers are borne as the perianth. ()tluu- authors arc opposed to this view. 
GiUies{a„ Undl., and Miersia, Lindl., are both Chilian genera.) 

(PHll.YT)nAcr,iE are herbs with fibrous roots, ensiform leaves with 
' equitant bases; flowexa in a persistent spathaceous bract, without a calyx, 
but with a2-petalous corolla ; 3 coherent stamens, of which the 2 lateral 
are barren and petaloid, and the middle has a 2-celled anther, the whole 
adherent to the anterior lobe^of the perianth ; the ovaiy superior, .'{-celled, 
with axile placentas; seeds numerous, with an embryo in the axis of 
fleshy albumen. This Order consists of two plant.s, PhUydnim larntyim- 
»um (Australia) and J/ctenVi pi/z/nwa (China),exhibiting, with a superior 
ovary, appearances analogous to those in the epigynous'group of Orclii- 
dacene ana their allies. Lindley regards them as related to Commelynacene 
and Xyridacece; but they would appear to be rather a kind of perigynous 
Zingiberacete, They have no known uses.) 
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Order CXLVII. OIlCIIIDACEiE. Orchids. 

Class. OynandrsB, JRndl. All. Orchidales, Lindl. Coh. Aniomalea, 
Benth. ct Hook. 

509. Diagnosis. —Herbs, distinguisbed by their irregular flowers, 
6-morous perianth adlierent to the ovary ; stamen (1, or very rarely' 
2) gynandrous, pollen cohering in waxy or mealy masses; ovary 
inferior, plaeentas parietal. 

Character. 

Perianth mostly petaloid, adherent, in two eircles ; the outer circle 
of tlu'ee pieces (sepals), distinct or more or less coherent below, 
two lateral and one anterior (or posterior when the ovary is 
twisted) ; the inner eirele of three pieces (petals), or rarely one, 
alternate with the sepals, two lateral, and one (the lahellam) pos¬ 
terior (or, by the twisting of the ovary, anterior) (figs. 435 & 436), 
usually' longer and larger than tlie others, variously' formed, with 


Fig. 430. 



Fig. 4.^5. Flowt'r of OrrAw, and 

Fig.‘inrt. Dingrain of ditto: t?, a. ft, sepals; 6, 6, petals; 6', labellum; 6”, spur. 
Fig. 437. Clttvato pollon-nmaa and CRudicle 


or without appendages, sometimes divided into 3 regions by con¬ 
tractions, forming htjpochilium (at the base), mesochilium, and epi- 
chilium ; free, or more or less adherent to the column. 

Stamens gynandrous, the filaments confluent with the style into a 
column, bearing mostly 1 perfect anther on the side turned away 
from the labellum, with 2 lateral processes (abortive anthers), or. 
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-rarely, 2 perfect lateral anthers with an abortixe process next the 
•odd sepal; the pollen pulverulent, or in grains, more or less cohe¬ 
rent, or in definite waxy masses which are free or provided with 
a pedicel or cavdii le (fig. 437), which adheres to a gland or glands 
at the apex or rostellum of the stigma. 

Ovarp inferior, l-celled, with 3 double parietal placentas bearing 
numerous anatropous ovules; stple 1, confluent with the filaments 
into the colnmn, which is surmounted by a 3-raorous, mucous, dis¬ 
coid stipni'i facing the labellum, its lobes alternating with the 
lines of placentation ; the lateral lobes usually abortive, but some¬ 
times forming divergent processes, the odd lobe more or less 
developed into a beak (rostellnm) Itearing 1 or 2 glands. 

Fruit mostly a capsule bursting by 3 valves, bearing the placentas in 
the middle, separating from the midribs of the carpels, which re¬ 
main as an open framework : rarely a flesliy indehiscent pod; seeds 
very numerous and extremely small, consisting of a cellular nucleus 
without distinct radicle or plumule, enclosed in a loose membranous 
or rarely crustaceous testa. 

lLLrsTnATi\'E Genuha. 

Malaxis, Sicz. Aiirides, Lour. 

Dendrobium, Sivs. Oncidium, Swz, 

Epidendrum, Z. Odontoglossum./ZZ.ZT. 

Cattleya, Zinril. Stanliopoa, Frost. 

Vanda, ij. Br. Jfaxillaria, FI. Per. 

Phalsenopsis, Jil. Catasetum, Itieh. 

Atanltles.—Thu comparative anatomy of this very extensive and curious 
Order forms one of the most intere.ating subjects in botanical Morphology. 
In the greater part of the genera the ideal Munocntyledonous type is 
departed from in several particulars, as:—in a more or less considerable 
irregularity of the perianth, especially in the condition of the labellum ; 
in the circumstance that the filaments are confounded with the stylo into 
a central organ, prolonged from the inferior ovary, called the column, and 
that generally 2 out of (at lesist) 3 anthers are abortive, while the pollen 
is frequently less developed than usual, the process of subdivision into 
distinct cells or granules being arrested, so that it remains in compound 
masses of various degrees of magnitude and of more or less firm and even 
waxy consistence. In some cases, however, the perianth is almost 
regular, so as to resemble that of some of the genera of Iridaceas; and in 
Cypripedmm we find 2 anthers developed and only 1 abortive. Among 
the other remarkable peculiariJles of the structure are processes of various 
lands occurring upon the column and labellum, which there is reason to 
regard as indications of abortions of staminal organs. These have given 
rise to the opinion that the elements of 2 circles of stamens exist in this 
Order, of w^jich 6 are usually suppressed, the perfect one belonging to an 
external circle of 3, while in Cppripedium the 2 which are developed are 
members of the inner circle of _3, one of which, with the entire outer 
circle, is abortive. This view is supported by numerous exceptional 


Orchis, L. 

Ophrys, Sirz. 
Vanilla, Stc. 
Epipactis, Haller. 
Cypripedium, L. 
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instances, in wliich some or all of the ordinarily suppressed stamens ata 
present, and bv the anatomical construction, which reveals the existence, 
of as many bundles of vascular tissue in the column and ovary ns there 
are stamens and carpels. Tho suppression of 2 out of 3 stamens connects 
this Order with Marantacero and Zinp;iberaceao, where the same pheno¬ 
menon exists in a different modification, as mentioned under those Orders; 
the ApostasiacccE have 2 stamens only, with their filaments adhering to 
the lower part of the style. The ovary is apparently formed of 3 carpels, 
with the stigmas simph', since they alternate with the placentas; Lindley 
suppo.ses the ovary to be fonned of fi carpels, 3 fertile and 3 barren; but 
this seems contrary to analog}' and without sufficient independent sup¬ 
port; in Apostasiacem, Alaraiitacem, and Zingiberaecm the ovary is 3- 
cellod, or sometimes imperfectly so in the last, from the niargins not 
meeting in the centre. The seeds, which are very minute, are of simple 
organization ; tlie ovules, at the time of fertilization, consist solely of an 
embryo-sac with 2 integuments ; and tlio ripe seed presents an embryo 
devoid of distinct organs (cotyledon and radicle), enclosed in a loose 
testa—ill this respect exhibiting a relationship to llurnianniacea;. 

The labelluiii sometimes exhibits irritability, moving spontaneously or 
when touched (Met/ar!.imwn, liolhophylhim, &c.): its forms are moat varied 
and strange, often causing the entire flower to resemble an insect or 
some other liring object. The rostelluni and stalk of the pollen-masses 
are also endowed witli contractile properties. In CaUisetum these are so 
powerful as to eaiise the ,‘mdden forcible ejection of the pollen-masses 
from the anther-celh*, when the rostelliini or other sensitive organ is 
touelied, as by the probo.scis of an insect. Insects visiting orchid flowers, 
for the sake of tho honev in the .spur or nectary, come into contact with 
the roatellmii, and thus liberate the pollen-niasse.s. These latter sdhere 
firmly to the insect’s back by means of the gland at tho end of the stalk, 
so that the pollen-mass is conveyed to another flower. It must, how¬ 
ever, be remarked that if the pollen-mass retained the nearly vortical direc¬ 
tion it had on its exit from tlu; anthet', it would, when introduced by the, 
insect into another flower, strike against the anther, and not against the 
stigma. In order to place the pollen in such a position that it shall 
impinge on the stigma, the cnudiele or stalk of the pollen-mass contracts 
so as to give the pollen-mass the requisite horizontal direction. This 
movement can readily be seen by tlirustiiig the point of a pencil into a 
flower Hg'ainst the rostelluni, when the poilen-nia!5.scs will adhere to the 
pencil, and may be withdrawn from tho anther-case, and, if watched, will 
be seen to bend downwards, in the manner ju.st described, immediately 
after their removal from the author. The,se movements will be again 
alluded to in the physiological portion of this work. 

'J'wo extremely distinct forms of the perianth sometimes present them¬ 
selves on tho same flower-spike, so that theianie species has received two 
specific titles, and even three distinct generic names:— e. (/., Mmachan- 
i/ius, Myanthm, and Catmefvm, now all included in the last named genus, 
and Cycnochea Vfniricoaum and Eyertoniamwi, now known to lie fonns of 
one and the same species. This was considered a most anomalous circum¬ 
stance till it was shown by Darwin that tho different forms represented 
diflereiit sexes, the male flowers being different from the female. The 
Orchidacete are terrestrial in temperate climates, forming subterraneous 
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tubers (§ 49)or tuberoualy enlarged fibrous roots, from which the flowering- 
stem shoots up afresh every season. In waim and iiidist climates tliey are 
very frequently epiphytic, hanging on the branches of trees, or oven 
attaching themselves to rocks and other foreign objects. Those kinds 
generally form some kind of stem-tuber, either from the lower internodes 
of the axis which has just flowered, or of a new axis, sometimes from the 
wiiole of the internodes of a long jointed leafy axis, vfec. The roots which 
hang down from them are soft and delicate at the apex; and the epi¬ 
thelial cells exhibit spiral-tibrous thickening of a peculiar kind. 

Dlsti-lbation.—Orchids are very numerous, and occur in almost all parts 
of the globe, except the very coldest, or in very dry regions. In temperate 
climates they occur chiefly in shady woods, damp pastures, or open cal¬ 
careous downs; but they are most abundant in damp situations in the 
tropica. 

Qtialitles and Uses.—The properties of these plants are generally un¬ 
important. Tlje subterranean tubers of .some form nutritious food, from^ 
the presence of a gummy substance: that of a native speines. Orchis 
mascula, was formerly collected and sold for the preparation of Salep; and 
other kinds are oaten in India, ' Some of the .South-American yield a kind 
of vegetable glue; Apkvtrnm hyemale. the Xorth-American Putty-root, is 
used for making a cement for china. The mo.st important plants, perhaps, 
are Vanilla plani/olin and other .species, and a species of Sobrnlia, the 
dried pulpy pods of which furnish the Vanilla used for flavouring choco¬ 
late and confectionary. A few others are described as having medicinal 
properties of various kinds. 

CAbostasiacea!: is a small Order of p(!reimial herbs nearly related to 
Orchidacefe, bearing a regular perianth and 2 or fl stamens which are con¬ 
fluent by their filainents with the lower part of the stylo (the anthers 
free), forming a kind of column, prolonged above into a’tiliform process 
with a 3-lobed stigma; ovary 3-celled, with axile many-.seeded placentas; 
seeds apparently as in Orchidacote. These plants differ from Orchids chiefly 
in the free condition of the upper part of the style, and the ■‘•-celled ovary; 
but as the latter character is iucoiiAant in .some Monocotyledonous Orders, 
probably this Order should be united with Orchidacem: they are near to 
llurmanniacefe also; but th.at Order has free stamens. Liudley regards 
this Order as connecting Orchidac.e with Amarvllidaee.a; through Ilypox- 
idaccte. They are natives of damp woods in tropical India, and are 
without known properties. Genera: Apustasin, Ill., &c.). 

(Bubman.viace.e are small annual herbs, often with minute and .scale- 
like leaves, or those near the root grass-like; the flowers perfect, with a 0- 
cleft petaloid perianth, the tube of which adheres to the 1-celled or 3- 
celled ovary; stamen.s .“i, distinct, introrse, and opposite the inner segments 
of the perianth, or 0 and exteirse ; stigmas .3; capsule many-seeded ; the 
seeds very minute, with a hoiiKigeneous nucleus in a loose membranous testa. 
Natives of the tropics of America, Africa, and Asia. Some are probably para¬ 
sitical. The affinities of these plants are rather obscure; they apparently 
a^ree with Iridaceio in the clniractor of the flowers, but differ in tlie posi¬ 
tion and number of the stamens; while, by the seeds resembling those of 
Orchidacece, they form a connecting link between these two Ordem. They 
are said to be bitter and astringent, but are unimportant in these re¬ 
spects, Genera; Burma/mia, L.; Thismia, Griff., &c.) 
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Order CXLVIir. ZINGIBERACE^, The Ginger Order. , 

Class. Scitaniinefo, EmU. All, Amomales, Lindl. Coh. Amomales, 
Eenth. et Hook, 

510. Diagnosis .—Herbaceous plants with a creeping rhizome; 
loaves broad, with a sheathing petiole, and numerous parallel veins 
diverging from a midrib ; ilcnvers spiked or racemose, with spatha- 
ccous membranous bracts; perianth adherent, irregular, in three 
circles of three parts, on e peta l being largm- in^cach of the two inner 
circles ; stamens 8, distinct, 2 iibbitivc, and the fertile one posterior, 
oj)po.site flic labelluiri orTai^o’segihent of the innermost perianthial 
wiiorl; anther 2-cellcd; ovary 8-ceUed, or with the dissepiments 
imperfect; seeds numerous, with the embryo in a sac (vitellus) within 
the albiuncn. 

InnusTnATivrE Geneiia. 

Zingiber, Gmrtn. Iledycbiuiu, Kwiiig. Costus, L. 

Anionmra, L. Alpiuia, L. 

Affinities.— This Order is nearly related to Marantace®, Orehidaceaj, and 
the allied Orders, but may always be distinguished by the only fertile 
stamen being situated ne.v't the axis (posterior), not next the bract (an¬ 
terior) as it is ill Orcbidiiceai (before the ovary becomes twisted), or 
lateral as it is in Marantncem ; the ovary is usually .'1-celled, like that of 
jrarnnlaceip, but the embryo is contained in a special .sac or vitellus, 
which is not present in the .seeds of ('iiber Marants or Orchids. 

Distribution. —A large Order, consisting mostly of tropical plants; the 
greater part East-Indiau, hut a lew occurring in America, in Africa, and 
in .fapau. 

Qualities and Uses. —Remarkalde for the pleasant aromatic and stimu¬ 
lant qunlitie.s of the rhizomes and the .seed.s of many kinds ; some are 
astringent, many yield starch, and .«ome <;olouring-iiiatter.s. 

Qinger is the rhizome of /.int/ihor ojficinale : prc.served ginger is made 
froiiitlTe~younger parts of the rliizonies. Ciii'diimom seeds are obtained 
from Amovium Canhwwmmn (Hound CafJaniom.s), A, nmjHstifoUum 
(Mudagascai* Oarthinionis), A. maximum, A, aromatioum, ElMuriii major 
(Ceylon), and A’. Car(lamo>inim(^\a\aha,i), Xumicr ic consists of the yellow- 
eoloured rhizomes of Curcuma loiiga ; the starchy"flilzoiues of some East- 
Indiau species of Cwrewwm fumi.sh Arrow-root. Galangale-root, which 
has properties resembling those of (tingor, consists of the rhizomes of 
A/jnuiu Galmtya and racemosa ; Zedoary, of fliose of Curcuma Zednaria 
and Zenmhet. Amo/num Gratia I’aradm yields the Grains of l’iiradi.se, 
used ns stimulants, and also for giving pungency to spirits and beer. 
Many of the species have very beautiful blossoms, and are cultivated in 
stoves on that accomit. The bright colouring is found sometimes in the 
bracts, sometimes in the perianth, as in Iledychium eorotiarium. 
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Order CXLIX. MARAN^TACE/E. Tae Arrow-root 
Order. 

Clima. Scitaniineo0, £iidl. All. Amoninles, Lindl. Coh. Aniomalos, 
Benth. et Hook. 

511. 2)in(/HOS!S.^Herbaceoiis plants with creeping rhizomes, re¬ 
sembling Zingiberaeeae in habit, but with tlie perianth more irre¬ 
gular, and the inner segments often abortive; the 3 stamens petn- 
loid, 2 barren, and 1 lateral fertile 2-lobed, with a 1- (2?)-celled 
anther on one of its lobes ; ovaiy inferior, 1-3-cclled, with niimcroiis 
albuminous seeds; embryo not enclosed in any special sac. 

iLLfSTRATIVT! GeNERA. 

Slaranta, Blunt. | Cauna, L. 

AfBnities. —The affinities are those of Zingiberaoero, from which this 
Order is separated by the place of its fertile stamen (latonil) and by the 
absence of a vitellus or special sac romul the embryo. If we n.ssiinie the 
Orchidace®, as mentioned under that Older, to have the rudiments of a 
double series of stamens, the relations of Orchidacere, Zingiberace®, and 
Marantaceie are very close, and yet their distinctions very clear (tig. 4.‘}8j. 


Fig. 4.38. 



Diagrams of the flowers of jrarantareje (JO, Zingiberacia (Z), and Orcliidaceie lO). Tho 
small opon cirt-l.-B arr fertile stamens; the black dots abortire stamens; the black dots 
with the broad line scored through are pctoloid stamens. 

• Orchidaceee, mth a douhlo poriantli, and two circles of stamens, have 
the anterior stamen ("helonging to the outer circle) developed, the rest 
abortive, or pre.seut in the form of lioms, ridge.s, &c. (0); or, in 
pediwn, they have the 2 latgf’al-stamens of the inner circle developed, the 
anterior and all those of tliA outer circle abortive. 

Zitu/iberacete, with a douhlo perianth, have the outer circle of stamens 
petaloid forming a third perlanthial circle, the odd (posterior) stamen 
of the inner circle developed, the 2 lateral abortive (Z). 

ManaUacecB, with a double perianth, have the outer circle of stamens 
more or less developed in a petaloid form, as a third perianthial circle, and 
one lateral stamen of the inner circle fertile—the other lateral stamen, with 
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the posterior one, being abortive (M). Dr. Dickie has lately shown that 
tile anther of Cutma is in reality 2-colle(l. 

Distribution.—The Miecies are numerous, and natives chiefly of tropical 
America, Africa, and India. 

Qualities and Dses.— The abundance of pure starch furnished by the 
rhizomes of many species constitutes the principal feature of the Maran- 
tacea! considered from an economical point of view. 1’rue Arrow-root is 
obtained from Marciuia aruudinaceu, Allomjia, and nubilis (West Indies), 
and M. raviunisKima (Mast Indies). Tous-les-Mois is derived from species 
of Cbnnn, probably (J. cocclnm, Achiras, edulis, &c. Canna indica is called 
“ Indian shot ” from its beautifully sjiherical seeds. Some of the species 
are cultivated in our stoves. JIany ot the species of Calathea and Marmvta 
have beautifully coloured foliage. 


Okdek cl. MTJSACEfE. Eananas. 

Chm. Scitamineic, Emil. All. Amomales, Lindl. Coh. Amomales, 
limth. cl Hook. 

,512. Htagnosis. —Large herbaceous plants with long sheathing petioles 
fonniug a spurious stem; leaves large, with a strong midrib and parallel 
lateral \ eins ; flowers enclosed in a spathe, hermaphrodite; periantli more 
or less irregular, adherent, petaloid, in two fl-merous rows; stamens 0, on 
the segments of the perianth, some always abortive; anthers 2-celled; 
ovary 3-celled, many-seeded, or rarely >3-.seeded ; fruit a capsule or suc¬ 
culent and indehiscent; embryo at the end of albumen. 

I1.LU8TIIATIVF. Geneha. 

Ileliconia, L. | Alusa, Touruef. ] Strelitzia, Banks. ] Ravenala, Adans. 

AfBnlties.—With certain well-marked difl’ercnces, these plants approach 
in some degree to the Marantaceai and Ziugiberaceie in habit, especially 
in the character of the foliage, but the Musacea; have ,5 or 6 more or less 
perfect stamens and no staminodes ; from the Amaiyllidaceie, which they 
resemble in the epigynous he.xandrous structiu'e, they difler in the ir¬ 
regular flowei-s, the generai habit, and the character of the bracts or 
spathes. 

Distribution.—A small Order, the species of which are generally dif¬ 
fused, wild or in culture, in the plains of the tropic-s. Capo of Good 
Hope, &c. 

Qualities and Uses.—These plants are most valuable ns sources of food and 
fibrous materials. Mma paradisiaca, the I'lai^ain, and Musa sapientum, 
the Banana, are plants bearing gigantic leaves on long petioles, the im¬ 
bricated sheaths of which form a pseudo-stem manv feet high. They 
produce large clusters of pulpy fruit containing nmet sugar and starch, 
which form a very important article of food in the tropics. Several other 
species of Musa yield similar fruits. The leaves are used for thatching 
huts, or split up for plaited work of aU kinds. The fibre of tlie petioles 
is a valuable material, especially that of Musa textUis, which is known as 
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Manilla Hemp. The young: shoots are also eaten boiled. Unvennh 
specioM hiis an edible seed; a quantity of watery .fuiee exudes from its 
'petioles when cut, whence it has been called Arbru clu vot/ageur. Slre- 
Utzia is a genus with very handsome flowers, several species of which, as 
also of Musa, are often cultivated in stoves. 


Okdek CLI. AMARYLLIDACEyE. Amaryllids. 


Class. Ensatre, EniU. ■ All. Nareissales, Lindl. Coh. Iridales, Benth. et 

Hook. 


513. Diagnosis .—Chiefly bulbous and scapc-bcaring lierb.s, not 
scurfy or woolly, with linear flat root-leaves, and perfect, regular (nr 
nearly so), 6-androus flowers ; perianth petaloid, G-iiarted. it.s tube 
adherent to the ;3-celIcd ovarj'; the segments of the limb inibrieated 
in aestivation ; anthers introrsc : fruit a 3-valvcd, loeulicidal capsule 
or a 1-3-secded berry ; seeds with fleshy or horny albumen ; radicle 
turned to the hilum. 

II.I.usTnATI^■F, Gf-ni;ra. 


Tribe 1. Amarvli.e.®. Bulbous 
platits, without a coronet. 

Galanthus, L. 

Amaryllis, L, 

Tribe 2. XAnrissE.®. linlhom 
plants, with a coronet in the perianth. 
Piincratiuni. L. 

Narcissus, L. 

Tribe 3. ALsrncEMERiE.Ti. Fi¬ 


brous-rooted; sepak unlike the Petals ; 
no coronet. 

Alstrcemorin, L. 

Tribe 4. Aoaveaj. Fibrous-roof¬ 
ed; sepals and petals alike, calvatc in 
(csticatiun; no coronet. 

Agave, L. 

Eourcroya, Vent. 


AfHnUics.— This epigvnous Order contrasts with the bypogvnous l.ili- 
accje; among its epigynous allies, Iridacene are distinguished by their 3 
stamens and extrorse anthers: its nearest allies are Ibemndnrace.Ti and 
and Ilypnxhlacea;, the characters of which are giv('n below. The coronet 
of tho Xarcisscrc is sometinses regarded as a circle of abortivp stamens, 
but is more probably an outgi-owth from t'm tube of the perianth. 

Distribution.— A large Order, the species of which are generally difl'used, 
but, like Iridacem, have their maxinunn at the Cape of Good Hope. The 
Narcisseee are common in Europe, while the genera unprovided with a 
coronet are very rare in Europe and North America, but abound in South 
Africa. 

Qualities and Uses.— Thci AniaiyHidacea> are commonly characterized 
by active properties, the Amargllere and the Narcissc-e espociallv being 
emetic and purgative, and even poisonous; the juice of the hidb of 
Hcemantkm toxicarivs is used by the Hottentots to poison arrows. 
The Snow-drop Snow-flake (Leucqjum vernurn), the 

Daffodil ( Narcissus Bseudo-Narcissus), with the other cultivated Narcissi, 
Pancratium maritimum, &c. act as emetics. Others are astringent; but 
starch is washed from the roots of some species of Aistreetneria. The 
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Agaves are exceedingly valuable plants, having abundant innocuous sac¬ 
charine sap, and large leaves containing excellent fibre. Agave americarm, 
called by mistake the American Aloe, is the Hundred-years plant; but 
the statement that it lives 100 years before tlowering is fabulous: it is 
a native of America, but is naturalized in some parts of S. Europe, and is 
planted, on account of its large spiny leaves, to form fences. From this 
and other species is obtained Pita thread, a valuable fibre; Pulque (a 
lermented liquor) and a brandy distilled Irom tlii • are made by cutting 
the buds out of H;/rti‘e-plauts and collecting the sap, which exudes in great 
abundance when this operation is performed just before the llowering 
st(>m is pushed out; these plants are also called Maguey-plants. This 
Order attords a number of beautiful ilowers, more periuaneut than Irida- 
ceie, and often attaining a very large size. Most of them are annual 
flowerets; but ilw Agavete, having remarkable foliage, like that of the 
Aloes in Liliaceic, produce flowering stems (sometimes many feet in 
height) after vegetating for a number of ytjars, whence the story of the 
Hundred-years Aloe. Slernbergia lulca is supposed to be the Lily of the 
fields referred to by Christ. 

(Ilyi’oxinAC'KJTj are a small Order of epigynous Monocotyledons, nearly 
related to Amaryllidacea.', but dill'ering in their habit, having hairy 
foliage aud no bullts, and in their usually strophiolate seeds having the 
radiefe next the lulum. The 0 stamens, the imbricated, distinctly petaloid 
perianth, and the habit of the foliage siqiarate them from Iridacea;. They 
occur scattered in t lie warmer parts of the globe, and are apparently more 
or le.ss bitter and aromatic. The tubers of sunie are eaten. (Jeuera: Cur- 
cH%a, tlmrtn.; Furhesia, Eckl.; IIg/)oxis,L.-, ibanV/ib, Harv.) 

(II.t'iJtijDonACE.u are herbs with fibrous roots, usually equitant leaves, 
and perlcct fl-ti-androus regular flowers, which are woolly or scurfy 
outside; the tube of the G-parted pi'riauth adherent to the whole surface, 
or merelv to the lower part of the G-celled ovary; anthers introrse; sta¬ 
mens opposite the petals when G; seeds with cartilaginous albumen; 
radicle remote from the hiluin. The structure of the genera included in 
this Order is rather irregular: from Aiiiaiyllidaceai they are usually 
diatiiiguislied by the woolly tubular perianth, the equitant leaves, and, in 
some cases, by the tJ stainuns; but none of these characters are without 
exception: from Iridacem the triandrous genera diil’er in the stiuueiis 
being introrse and opposite the petals, which last character also separates 
them from Ilypoxidaeea'. The, radicle is said to be remote from the 
liiliim, as in 1 lypoxids; while it is next it in Amaryllids aud Irids. The 
Vellozicc aud Jiarbacmiee are mori> or less arborescent, and in some degree 
branched, especially the former, which have a very remarkable aspect ; 
in many respects they approach llromeliads.*, The plants are natives of 
America, the JDape, and Australia, and have sometimes bitter and astrin¬ 
gent properties, as Aletru farinosa. The roots often contain a red matter 
available as a dye, whence the name of Jllood-roots; iMchnanthes iinctoria 
is used in America. The roots of several species of Jfmnodortim are (>aten, 
roasted, by the natives of Australia. Genera: IlcemodorHm,S\n,; Alttris, 
L.; Fefew, Malt.; HarJaccma, Vandelli.) 
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Order CLII. IRIDACE.®. The Flag Order. 


Class. Eosntte, Emil. All. Narcissales, Limll. Coh. Iridoles, Beuih. et 

Jlook. 

51 4. Biaffiiosis .—Herbs with bulbs, conns, or rhizomes, equitant 
■2-rank^cl leaves, and perfect, regular or irregular flowens; tlie seg¬ 
ments of the 6-partcd petaloid perianth (fig. dJlSJ) convolute in the bud 
in 2 circles; the tube adherent to the 3-celled ovary; stamens 3, 


Fir. 4:10. 


Fig. 440. 



Fii». 139 Vertical of the flower of Iri»: a, inferior ovary. 

Fig. 410. Stigmas of Ci'oeifA. 

Fig. 441. Fruit of IHm burst. 

Fig. 4 ig. Flan of <litto. 

Fig. 413. Section of s^d of 7rw. 


distinct or monadelphous; anthers extrorse; style 1; stigmas 3 
(fig. 440), often petaloid {Iris)-, capsule 3-valved, loculieidal (figs. 
441 & 442); seeds with horny or hard fleshy albumen (fig. 443). 


Illustrative Genera. 

Iris, L. Gladiolu.s, Tmmef.. Crocus, Tmimef. 

Tigridia, Juss. ,.lxia, L. 

Affinities.—Among the epigv-nous petaloid Monocotyledons, the Iri- 
dacea? approach, by genera tike Crocus, the Amaryllidacene, which, how¬ 
ever, have 0 introrse stamens. The same character separates the epigynoiis 
Bromeliaceffi, which have some affinity with this family; Orchiclacose 
differ in the gynandrous structure; Marantace® and Zingiberoce® in their 
monandrous state, as also in the character of their foliage. The little 
Order Buraanniace® resembles Iridace® in many particulars, but differs 



PETALOIDE^. 391 

in some essential points mentioned under that Order; and this is the case 
also with XyridaceiB. 

Distribution. —A large Order, diffused throughout temperate and warm 
climates, but especially abundant at the Cape of Good Hope. 

Qualitios and Uses. —The sap of many of these plants is more or less 
acrid, inu’jfative, or emetic, as that of the Flags (Iris) generally, Ferraria, 
Sisj/nnchium, &c. Saffron consists of the stigmas of the Saffron Crocus 
( C. s(tfjviis) and of C. odorus (Sicily). Orris-root, used in perfumery, is the 
rhi'/.ome. of Jra/toreatmo. The genera of this Order contribute'''a large 
share to our collections of garden-bulbs, as will he recognized from the 
plants already named ; they are more remarkable for their beautiful but 
transient flowers than for any useful quality; the corms and rhizomes of 
some are said to ho eaten, on account of the starch they contaiuj by the 
Hottentots and other races. 

Order CLIII. BROMELTACE.E. The Pine-appee 
Order. 

Class. YtwmXia, E)uU. Nareissales, Xi’arff. Co/i. IridalesP, 
lientli. H Jlodk. 

ol9! T)iu(jm>sis .—Herbs (or scarcely woody plants), nearly all tropical, 
the gia-ater part epijihytes, with ]iersisteiit dry or lleshy and channelled 
crowill'd leaves, .sheatliing at the base.s, usually covered or bundl'd witli 
scurfy scale.s; perianth free or adlierent, in two circles, the outer (sepals) 
often coherent, and differently coloured from the inner (petals), which 
are distinct and imbricated; stamens (i; ov.ary .‘5-celli'd, with numerous 
ovules on axile placentas; style single: stigma S-lobed or entire, often 
twisted; seeds numerous, with a minute embryo in the base of mealy 
albumen; the radicle next the hilum. 

Illi sthative Genera. 

Ananassa, Lindl. .Eehmea, R. P. Pitcairnia, 

Hromelia, L. IJillbergia, Thuiib. Tillandsia, i.* 

Affinities. —Among the Hromeliaceie are found both epigynous and 
hvpogynous genera, as well a.s forms with a partially adherent perianth; 
on the whole, the tendency is to the fonner condition, whence the Order 
must be regarded as mi ally of Amaryllidacea.', from which it ditlers in 
habit and in the mealy albumen; from Irid.aeeai it did'ers in these parti¬ 
culars and in the, (i-androus stamens, while the style and stigma are 
somewhat similar. The character of the habit, and the often distinctly 
characterized cah’x and corolla, offer a reseiuhlauce to Ilvdrocharidaceie, 
which, however, have oxalbuminous seeds. The fruit varies much in this 
Order, being commonly capsular; but in Ajianassa the entire spike of 
inflorescenco, together with the stem, becomes blended into a succulent 
sorosis (§ 200), the well-known Pino-applo. The scurfy epidermis of the 
leaves displays a very interesting microscopic structure. 

Distribution. —A considerable gi'oup, the members of which are, for the 
most part, natives of tropical America; hut some are now naturalized in 
West Africa and the East Indies. 
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Onalltle* and Uses, —CJiieflv iniportnnt for t]ie fruit of Anana»m, fibron, 
•co]ourini>'-niflfft‘i'Si, and other* econoiiiic produets. linmielia Pint/iiiii is 
used as'’a vermifug:** in the 'West Indies. Many of these plants frvow 
upon the branches of trees (epiphvtic), and they appear to be capable of 
obtniniiifr the greater part of tlieir nourishmeut Iroiu the atniosphero 
tlieir rigid; tough epidennis enables tlieir succulent leaves to withstand 
the iiiHiieuce of a hot and dry atiuospliere. Tillandsia usneoiden, called 
Old-Maa's Beard, is a common plant, forming a dense mass of dark-co¬ 
loured fibres, which hang down from the boughs of the trees of the forests 
of tropical .iVmerica, as Lichens do in colder climates. Most of the 
genera hare brilliantly coloured flowers, sometimes in tall racemes and 
pivnicles, whence they are much esteemed as ornamental stove-plants. 


Order CLIV. HYDEOCHAEIDACEsE. 

Class. Ensate, Endl. AIL Ilydrales, Lindl. Coh. Ilydrales, Beidh. H 

Hook. 

* 

516. Biaffnosis .—Aquatic herbs, with dio'cious or polygamous regular 
flowers issuing from a snathe on the end of scape-lik(> peduncles; floral 
envelopes in a single or double circle, in the fertile flowers united into a 
tube and adherent to the 1-fi-celled ovary; placenta parietal; .seeds 
without albumen. 

• Ix-LfsinATivn Genkua. 

Udora, Xiiii. Strntiotes, L. 

Vallisneria, Mick. llydrocharis, L. 

Affinities.—The sum or combination of the characters of this interesting 
Order keeps it apart from all otlu'r ilonocotyledons, while the characters 
taken separately connect it with many. The inferior ovaiy and,in the case of 
Strati&tes, the habit connect them with Bromeliacctc; the .‘1-meroua peta- 
loid fftwer and exalbuminous sefais with .-Vlismacea;; the 3-m(‘rou.s petaloid 
flower and .‘t-carpellary ovary with the Commclynaceae, which, however, 
with a superior ovary, like the .■Vli.sinaceje, have albuminous seeds. The 
inferior ovary', numerous seeds, and general characters nunove them from 
Naiadace®, with which they are often associated by habit, and the .tra¬ 
ce®, with which some would connect them: their .spathe is scarcely more 
Araceous than that of Amaryllidacea'. Vnllisncria and FJodea {Anarha- 
rts) are plants well known to raicroscopist.s for the favourable opportunities 
they offer of o.vatuining the rotation of tin; protoplasm of the cells. Hydro- 
charts, a plant somewhat li^se a miniature Water-lily, is common in fresh- 
waterditehes; and its sepals and rootlets are equally adairted for the micro¬ 
scopic investigation of living tissues. FJodea canaden Js is the American 
Water-weed, whith has increased so rapidly in our canals and ditches 
since its introduction from America some years since. 

Distribution. —The species are not numerous; they are found in fresh 
water in Europe, N. America, E. Indies, and New Holland. 

Qnalltles and Uses. —They appear to have no very active propertie.s. 
Hydrockaris is said to be astringent. 
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Order CLV. ALISMACEiE. 


Class. Ilclobiai, Eudl. All. Alismales, Lindl. Coh. Alismales, 
Benik. et Hook. 


^17. Diagnosis. —Marsh-herbs, mostly with broad pe- 
tiolate leaves and scape-like flowering stems; flowers 
perfect or monoecious,with a double perianth, consisting 
either of a green calyx and a coloured deciduous corolla, 
or of 2 circles of green scfiles, each of pieces (tig. 444); 
ovaries 3, 0, or numerous, more or less distinct, and 
separating into as many nuts; seeds campylotropous or 
anatropous; embryo doubhal, hook-shaped, or straight, 
without albumen. 


fig. 444, 



x. 

Plan of flower of 
Triglochin : Xy bract. 


Il.LUSTU.VTIVE GkNKHA. 


Siibonl. 1. .Tu?IC,^Gl^’K.'^:. Peri¬ 
anth scalg; a>iihcr.s alu'ag.s e.vtrorse; 
ovule inverted; emhrgo straight. 

Triglochiji, L. 

Scheucli/.cria, L. 

Subonl. 2. .\i,iBjrK.T3. Internal 
eirele of the]>erianth coloured; ovules 
solitarg or tain; ovule and emhrgo 
curved. 

Alisma, Jiiss. 


I Actinocarpus, Ji. J?r. 

Sagittaria, Z. 

Subord. 3. BrxoMKjK. Internal 
circle of perianth coloured; 'ovules 
numerous all over the inner surface of 
j the carpels; emhrgo carved. 
liutomus, Tournef. 
Limnocharis, II. ilj- B. 


Affinities. —The Alismere hcav considerable resemblance to the Tlicoty- 
ledoucjua Order Uanuuculacc;e, while Bidoineee have been comp^f-ed with 
the Xympha;nce,ie on accoiiut of the curiou.s placentation; but||liere is 
hardly any real relationship in thi.s latti'r case. On the other hand, the 
Alisincfc have some similarity to tire Commelvnaceie, from which they 
are .separated by the exalbiiminous .seed. Tliis structure of the seed 
agrees with that of Nniadaeeoe, with which this Order is connected by the 
Juncagineee. tScheuchz( 0 -ia in this last division approaches Juncacom. 

Distribution.— A .small group, the members of which inhabit mar.shy 
localities in all parts of the world ; mo.st abundant, perhaps, in temperate 
climates. 

Qualities and Uses, —An acrid property is common in the foliage and 
ill the rhizonie.s, but the latter are sometimes fleshy and farinaceous, and 
then may be eaten after the acridity is removed by cooking. ISagittaria 
sinensis is cultivated for food in China, hinny are very handsome aquatic 
plants and are cultivated for the sake of their’flowers. 
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Obper clVI. NAIADACE.dS. The Pond-weed Order. 

Chgs. Fluviales, £ndl. All. Ilydrnle?, Lindl, Coh. Alismalos, 

. ... Beiiih. et Hook. 

»■ 518. Diagnosis .—^Immersed aquatic plants, with 
jointed stems and sheathing stipules Avithin the 
petioles, Ur with sheathing bases to the leaves; 
inconspicuous, monoecious, dioecious, or perfect 
flowers, which arc naked or have a free, scale-liko 
perianth ; the ovaries solitary or 2-4 and distinct, 

1-ceUed, l-ovuled; seed exalbuminous; erabrj'o 
straight or curved (fig. 445), with a thin niem- 

iLT.rsTRATm: Genera. 

Tluppia, L. Otn irandra, Thounrs. 

Zaimiehellia, Michel. ,\pouogeti>ii, Thuuh. 

Potamogeton, L. 

AfflBitiea,—This Order agrees -with Ilydrocharidacefc and .Vlismnceie in 
the striicture of its seeds, hut differs iii tlie simpler organization of the 
infioreseence, wldch, however, is connected with that of .•Misninci'ai in 
Scheuchzrria. Decaisne and Maout, following de .lussieu, keep distinct 
the .Iimcaginem; Aponogetea?, Potainere, andNaiadea?, all of tvliich, tvith 
the exception of the firsh are here included under Xaindaeea'. The groups 
e.stablished or maintained by the authors just cited are collectively cha¬ 
racterized by the absence of a perianth or at least of a petaloid perianth, 
while they are separated one from the other by the form and direction of 
the embryo, which is straight and slender and with the radicle next the 
hilniii in Ju^icaginete, swollen and with the radicle away from the hibini in 
Xoxtern. swollen and with the embryo so curved that both its extremities 
ate nedt thehilum in Potamcm, swollen and with the radicle directed to the 
hilnm in Tvaiadete. The fonn of the stigmas, whether entire, and truncate 
or linear and divided, is also relied on to distinguish the several gwonps. 
Some authors consider the inflorescence reallv spadiciflorous, and regard 
the scidy periaBth, when present, as consisting' of bracts stirrounding ira- 
• perfect imisesual flowers; and this idea is supported by the spathe-like 
■oract which occurs in some genera (Zostern &c.). From this point of view 
they are related 1;o T.emnacem; but the character of the seeds is divciae. 
The structure of these plants.is generally very Simple, consisting chiefly 
of cellular tissue of very deljcate organization; in Ouvirnndra thVlainiiia 
of the full-grown-le^if becomes a delicate lattice-like plate, the interspaces 
between the ribs being destroyed during expansion. Zos>crd is remarkable 
for its pollen-grains being_tubular and destitute df an external coat. 

' Dtetritrattoru—-The species are numerous, and are mot wdth in 'still, fresh 
and brackish water, and in the sea {Zottera), in all parts of the world. 

QnaUtiM and Vses.—Apparently destitute ,of*a»tiye properties. The 
leave's of' ZoK^a marina are collect^ and dried on the sea-coBst as. a 
materi^ for packing &c.-in plage of hay. 


branous’testa; 

Caidinia, Willd. 
Naias, Willd. 
Zostera, L. 


Fig. 44-5. 



EmTtryo of Tntamri- 
(^etnn, n-it.h th<* tt*sta 
removfd: u, vndidf; 
b, pntyledon; c, plu¬ 
mule. 



GLTOirLOEiE. 


395 


Subclass 3. GLITMIFLOR^. 

519. Monocotyledons, with tho flo\yers collected into close spike-* 
lets, spikes, or heads, and the floral envelopes in tho form of mem¬ 
branous scales; tho leaves mostly linear, with long sheatlis, tubular 
or slit; the seed albuminous. 

The plants of this Subclass- are generally easily recognizable by the 
characters above given; but there is a superlicial resemblance to tbCm in 
tho case of the inflorescence of the Jimcnceic, which stand more naturally 
among the Pi'taloid ^lonocotyledons, in spite of their sealy perianth; they 
are, moreover, easily distinguished from the true (lliunacefe by their dis¬ 
tinctly regular 3-nar3' stnicture. The ordin.ary character of Monocotyle- 
donoiis flowtu’s is greath' disguised in this Subclass ; but an explanation of 
the conditions in tin* appareuth' anomalous Grasses is given under that 
Order: in Cyperaccic the floral envelopes are generally more or less comr 
pletely suppressed; the female flower of Curex has a' perianth composed 
of a tiibular envelope; and something analogous to this occurs in Erio;- 
eanlaco.'c, as the representative of a corolla, within the calyoiiio scales. 


/^RDEii CLVII. GllAMINACEsE. Grasses. 

Class. Glnmaceee, Endl. All. Glumales, Lhull. ‘ Coh. Glumales, 
Betvth. el Hook. 

520. />(V(^'ios)s.-.-Orassc3 (mostly herbaceous, rarely woody and 
arborescent), usually with hollow stems, with solid joints at the 
nodes ; leaves alternate, distichous, with tubular sheaths slit down 
on the side opposite the blade, and a ligulo (§ 79) at the base of the 
blade ; the hypogynous flowers imbricated with 2-rankcd glumes. 

ClMraeUr.. 

fnjlorescence glumaccous, the flowers arranged in spikeletsor locitsfer, 
which are aggregated in spikes, racemes, or panicles; perfect, or 
sometimes monoDcious or polygamous.,, 

Sjrikelets mostly with two alternate and-uneqnal bracts, called (jlwim, 
at the base (fig. 446), or enclosing the florets; the outer glume 
sometimes absent.' 

Flowers 2 or niany, or, rarely solitary with abortive rudiments of , 
others, alternate on the rachis .within the glumes, more or less 
overlapping from below. 

Perianth, : the outer circle Or calyx represented by two scales {paleas 
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or ghmellce) (figs. 446-448, b, b'), one inserted a little above the 
other (alternate), the outer and lower simple, the inner or upper 
(sometimes called the dowering gliltae) with 2 primaiy ribs, and 
sometimes notched at the summit, the internal palea sometimes 
wanting; the inner circle {corolla) of 2 or 3 liypogynous scales 
(lodiculce (fig. 448, ,r, a;)), sometimes wanting ; if 2 in number, 
collateral, alternate with the palcm and next the outer, distinct or 
united. 


Fig. 446. 


Fig. 447. 



Fig. 446. Snikelet of Arena: a, a, glump*i; ft, ft, ont«*r pnlpte of florets. 
Fig. 447. Floret of Aoenat ft, outer yalea; ft\ awn; ft’, inner pulea. 



Fig. 44S. Flofpt of Arena with out^^r pales romoTed: inn^r psloa; x, ar, lodiculae. 

Fig 449. Section of carvopKis of FriVicMm: a, endosperm; ft, erabrj'o. 

Fig. 4.50. Section of embryo of Arena, the emlospi'rra reiaovcd: a, radicle; ft, cotyledon; 
c, plomule. 


Stamens hypogynous, 1-4, or 0 or more, J opposite the outer palea 
(alternate with the 2 scales); filaments capillary; anthers versatile. 

Ovary superior, 1-celled, with one ascending ovule; styl^ 2 or 3, 
rarely confluent; stigmas feathery or hairy (figs. 2o7 & 2.58). 

Fruit a caiyopsis, with an inseparable pericarp; embryo lying on 
one side, at the base, of farinaceons albumen (fig. 449), sometimes 
with 3 second, small outer cotyledon alternate with the first. 
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Illusteative Geneea. 


Tribe 1. Paxice^. Spikelets ar- 
ticuUtcd closely hehw the lowest 
glume, 2-, very rarely ^-flowered; 
upper glume always contaming the 
most perfect and only fertile Jloiver ; 
a.vis ofspikelet never produced beyond 
the lower palea; Iodides never more 
than 2. 

I’anicum, Z. 

Setaria, Z. 

Sorghum, Pers. 

^ndropogoii, Z. 

Coix, X. 

Tribe 2. PiiALAUiDKiE. Spike- 

lets articulated, sometimes as in Pa- 
niaepB, and sometimes at the base of 
the pedicels near the main a.ris, 3- or 
apparently \-flowered; outer empty 
gluptes^. laterally compressed, often 
united at the base, hmyer than the 
rest; lower palea tmninul, hairy, 
with 2 rudimentary glumes below it; 
otherwise as in Pmiicoa;. 

Piialaris, Z. 


Tribe 3. Poaceje. 
usually articulated above the lowest 
glume, 1- or many-flowered; lowest 
flower usually perfect, terminalflower 
very rarely more perfect than those 
below it; axis of the spikelet almost 
invariably terminated by an impel feet 
ylume, which is frequently reduced to 
a small point or bristle; Iodides gene¬ 
rally 2, sometimes 3; stamens 1-3, 
rarely 6; fruit always shorter than 
the lower palea. 

Agrostis, fj. 

Stipn, X. 

Oiyza, X. 

Chloris, Sw. 

Aveiia, X. 

Festuca, X. 

Bromus, X. 

Bainbusa, X. 

ITordi'iim, Z. 

Triticum, Z, 


Affinities,—The tribes above mentioned are those adopted bj' General 
.\[nnro, the leading authority on this immense and difficult family. The 
description of tlio Grass-iiitforescence above given is in accordance with 
the views of li. Brown, generally accepted in this country, although 
questioned by Bentlinm and some foreign botanists. The following are 
some of tlie jirincipnl arguments in its favour. Taking the alternation of 
3-merou3 eireles of organs as the rule in Monocotyledons, if we select a 
triaudrous Grass, we tind that tho outer 8l.amen stands between, i. e. al¬ 
ternates with the hypogynous scale.s; only two of these usually exist, but 
in diipa and Humbusa, for example, a third oeciirs, and stands in front of 
the inner (double) pale; tlius the scales {lodicuke) innst be regarded as 
representing the petals, of whieh the inner one is usually suppressed, and 
the other two apjiroxiiuated or eoheront, in accordance with the law affect¬ 
ing the next circle; for when Mouocotylodonona flowers are truly niono- 
chlamydeous, and this condition arises from the suppression of the coralline 
or inner whorl, tho stamens stand opposite the parts of tho perianth. 
Outside the lodicidec v/q And the 2 pales of,gtumettee. The outer one is 
opposite tho outer stamen of triandrous flowers, and the 2 inner stamens 
are opposite the 2 primary veiiw of the inner pale; and since, moreover, 
this generally exhibits a double, character, its construction from the con¬ 
fluence of 2 sepals is no great a-ssumption, especially when we see the 2 
lodicidw confluent, ns in Afetica and Glyeeria. In diaiidrous Grasses (An- 
thoranthum) the outer stamen is wanting; in most Gjpsses tho inner petal 
(lodiculn) is absent; the inner (double) piUe is absent in Alopeciirus, Pani- 
cum, &c ; in Zolium and Ijeptunis the outer glume is absent; in addition 
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to which the few-flowered spikelets of verj’ many genera contain abortive, 
Unisexual, or neuter florets, consistinjy of rudimentary pales. 

Other authors, as has been noticed, object.to the explanation of the 
flower we have given, and regard the outer pale ns a bract in the axil of 
which the floral axis arises; Link even looked upon the lodkuke as ana¬ 
logous to the scales in the throat of Narcmm, therefore apparently ns 
representing the Ugules of metamorphosed Grass-leaves. The remarkable 
awn which is produced on the outer pale of many Grasses, more or loss free 
from its lamina, is regai-ded by some authors as a barren development of 
the axis of the spikelef, which would make the inner pale the suutending 
bract of the flower. And it has been considered that the occasional ap- 
pe.aranco of a flower on the upper part of the outer pale of monstrous 
flowers of the Nepal Barley {Hordeiim cwkste) also indicates the pale to be 
a bract with an abortive floral axis adherent to it; in which case tke inner 
pale would certainly be the bract subtending the flower composed of 
lodictdfp, stamens, and ovary. Tliis perhaps derives some support from 
the structure of the spathe in Pid,ia ; but the whole is more simply e.x- 
plainecl as an irregular monstrosity, since the outer pale of viviparous 
Grasses (i. e. plants with the spikelets developing tufts of leaves) often 
appears as a rudimentarv leaf with ligular proce.sses at the junction of tho 
vaginal and laminar regions, and thus as a simple leaf: and the »uly re¬ 
maining ground for re^fardiiig it as a bract, rather than the outer sepal, 
is the fact of the inner pale being inserted a little higher up in the racliis. 

The ligule has been considered an adiiato stipule; it seems more 
simple to regard it as an excrescence from the upper part of the sheathing 
petiole. 

The above explanation of the structure of this Order brings them into 
direct relation with the general body of Monocotyledons; and the stems 
of liamhma have the habit even of some Palinacem, while the striietiire of 
the seed approaches that of .\racerc. But the nearest allies, in both liabit 
and structure, are of course the Cypornceae: one distinctive mark be¬ 
tween them, the hollow stem, siiffei's exception in Saccharum and various 
Grasses of hot climates; tho creeping rhizomes of oidinary firnsses are 
commonly solid. The supposed diversity of structure of tho stem of 
Grasses from that of other Jlonocotyledons is imaginary; their culms 
are simply fistular states of tho structure existing in 'Tra/lescfiiitia vir- 
ffinica,^ which, like Grass-stems, roots freely at the nodes. The habit 
of the Grasses familiar to us in Britain is uniformly herbaceous; but 
jSacch/intm, and some southern forms, such ns Panicnm upecfahi/e, Fentiira 
&c., attain the dimensions at h-nst of shrubs; and Bnmhma is 
arborescent, having a woody' stem SO or 00 feet or more in height. 

Distribution. —Constituting one of the largest nat nml Orders, the Grasses 
are universally distributed, arid in temperate climates appear in vast 
numbers of individuals, foniiih’g the principal mass of the verdure covering 
the surface of all but utterly barren soil. The great extent of their cul¬ 
tivation is also remarkable, and still more the absence of information as 
to the native countries of tho Grain-grasses, which have been objects of 
artificial culture from before the memory of man. Rye, Barley, and Oats 
are the harder grains; Wheat is the chief grain of temperate and warm 
temperate climates, beinjj associated in the latter with Maize and Rice, 
which form the chief grams of the tropics,—Maize more particularly in 
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America, Rice in Asia, and both, locally, in Africa, Rice-growing being 
dependent upon the possibility of irrigation. Various Jlillets (Surijhwn, 
Pmiimnn, ki‘,.) are largely grown in Africa and Asia, and to some extent 
in South Europe. 

The Grasses of warmer climates are more tufted and less gregarious in 
growth, acquire greater stature, are sometimes arborescent, and very fre¬ 
quently present the mmiceeious or polygamous condition of the flowers. 

QnaliticB and Uses, —^'riio main value of this (h-rier rests upon the seeds, 
or more properly the fruits, especially of what are called the “ Cereal 
Grains,” just referred to, and which, in their abundant farinaceous al¬ 
bumen, capable of gi-eat improvement in quantity and quality under cul¬ 
tivation, furnisli the principal material for bread in most countries, except 
where the severe cold forbids tlicir growth, or the fertile soil and favour¬ 
able climate supply sufticient food with a less laborious agriculture, as in 
tlu! ease of the Plantain, llrend-fruit, aud other tropical esculents. The 
.‘^ugar-Cnno is nuothcr grass of scarce! v loss value; and the foddor-Grasses 
ar(' of immense importance, as fundslimg food to domestic .animals. A few 
of the (Ir.asses have somewhat active properties. 

Tlie principal Corn-plants are;—Wheat, TrUlnim \nd<j(ire and many 
varietiesfSpriugWheai is called T. mfinm, jVutumn Wheat T.hihmiwn)', 
7’. Spelt; T. voiiitiomfiim, the .Mmniuy or Egyptian Wheat, has 
eompomid spikes; Harley. ILirdciitit (Iklichtiiii, with its varieties Hordevm 
ruh/nre (Here or Pig) and II. hc.i'adiclium ■. Oats, Avma xnfir/t and A 
owu/o/m (Tartarian Oalsl; llyo, Secrilc cvreak] .Maize or Indian Com, 
Ze(( Mmi-f, and Uice, Ori/wt nutmi. 

.\moug those less gemn’ally Imnwn are:—several Jlillets, such .as Seinrm 
i/<‘nnrn)lr(i (German Millet): Svlorlo {(ttUm {“■ Kora Kang,” East Indies); 
Panicum friimmlfnvHm (‘‘Shamoivla,” Ih'ccan); Andropofio/i Sonihiim 
(“ Durra”) .and A. mvharuhim (“Shaloo,” East Indies): Panicum mUi- 
ncfiim (“ Warree,” East Indies); PeukiUnrw uplrnia (“ Hajvee,” East In¬ 
dies); ZVi.yw/HHi c.r/Zc (“I’liudunji,” West Africa); Poa ohiissinwa and 
E/cimm- Tociix-w (“Teif” .and “'focusso,” .Abyssinia); Eliwinr Corocana 
(“ Xatclmee," (’in'omandid); Zinnia mpiuticd, Canada Kice; Pluilaris ca- 
Canary-seed, A'c. kc.. 

Among the most valnahle, fodder-Or.assesof temper,ate climates are;— 
the live-grasses, LoHinii ptrenm', i/idiciini, kc.\ Phlvmu prnU'nse, P'edKca 
protends, Cipiosoros rridotiis, AothiKroiithom odorntom, kc. Panleum 
speefahik, a hay-grass of Hruzil, grows (1 or 7 feet high; Aiilhisfirla 
oostroJisis the “Kangaroo Grass" of Australia; Autlmtirin ciliota and 
Cpilodon Eoetplon are esteemed Indian fodder-gra.sses; Tripsoctiin dae- 
ly/odfe, Gama-grass, in Alexico; (f ipieriiim aryeidcim is the Pampas- 
gr.ass; aud Fcstuco jloheUoides, the Tus.sac-gras3 of the Falkland Islands, 
is .said to be very nutritious. 

tSaechnnim ofieimmun is the .Sugar-Caufit Sorghum saccharntum and 
Gipieriinn saerharoides (Hrazil) likewise contain much sugar, as does also 
Maize, before the grain is ripened. Many Grasses are fr.agraut; tlie .'sweet 
Vemal-gm-ss of our meadows, Anthoxanthum odorahm, is an example, 
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of which tho roots are largely used. This last Glass has stimulating 
properties; and another species, A. Nwdit/i, is called “ Ginger-grass,” 
fioni its pungencj. Many others were formerly, or are still locally, 
esteemed as medicinal, such os:— C(ii.v Lacliryma, the hard grains of 
which are known by the name of “Job's Teai-s the common Reeds, 
Phraymites arundinacea, Cidamayrostis, Anindo J)onnx, Trifinim repens, 
(Couch Grass or Quitch of fanners), &c. The supposed poisonous pro¬ 
perty of Darnel {LoUum tenudentum) is not satisfactorily ascertained. 
Among the Grasses useful in iiiaiiufactures are the Bamboo (liambma 
arundtnaced),XheP.QeA, Phruyimles, JDonnr, kc. Coarse paper lia.s long 
lieen made from the Bamboo in India, and recently from various straws 
in this country. Iiiycum spartum is tlie Rsparto (irass, innch used ns a 
coarse fibrous material, and also in tho manufacture of paper. The Sand- 
grasses, FJytmts nnmarius, Anindn nrennrin, and similar creeping species, 
are valuable binding-weeds on shifting sandy shores. Grasses are re¬ 
markable for the quantity of sllex existing in the epidermis ; and in the 
Bamboo a solid siliceous substance, called 'I'abasheer, collects in the hol¬ 
low joints above the nodes. Many species are cultivated for the elegance 
of their flowers or their foliage, such ns Anindo Donax, various species 
of Bnmbusae, Gijnerium (tho Pampas Grass), &o. 

(Ekioc ArLACEJB are aquatic pr mnr3li-herbs,8temless or short-stemmed, 
with a tuft of fibrous roots, aJid a cluster of linear, often loosely ct.dlular, 
gra.ss-like leaves, and naked scapes shcatlnal at tho base, bearing dense 
heads of monoecious or rarely ditecious, small, 2-3-raeroua tiowers, each 
in the axil of a searious bract: tlio perianth double, or rarely simple, 
senrious ; the anthers 2-celled, introrse; the fruit a 2-.‘l-celled, 2-.‘l-seede(l 
capsule; seeds pendulous, winged or hnirv, with a lenticular embryo at 
the end of the albumen remote from the liilum. The membranous’ tube 
surrounding the ovary represents the corolla, and thus places this Order 
intermediate between the Glumaceou.s Orders and the Xyridacefe, which 
lead on through C'ommoh’nace.'o to the IJliaceiD and their allies. Tin; 
plants are mostly natives of America and Australia. Erlocaidoti septan- 
gulare occurs in the AVestern I.slands of Scotland (Skye).) 

(Re.stiacea: are herbs or under-shrubs, with or without perfect leaves; 
stems usually with .“lit, equitant leaf-.slieaths; with .spiked or aggregated 
glunjaceons, mostly unisexual tiowers; gdiimes 2-<t or seldom 0; stamens 
2-3, adherent to the inner glumes; anthers 1-celled; ovary 1-3-eelled ; 
ovule solitary in each cell, pendulous; .«ceds albuminous; embryo terminal. 
Principally distinguished from fdyperaceie by the pendulous seed and ter¬ 
minal lenticular embryo, furtlicr also by the leaf-sheaths being slit; from 
the Juncacece by the same characters, by the .stamens when 3 being opposite 
the inner glumes, and by the 1-celled anthers. Thciy are without tho 
membranous peri.anth between the glumes and the ovary which occurs in 
Eriocaulaceae, while Xyridacete have the ihjral envelopes in 2 circle.s, of 
which the inner is petaloid. From De.svauxiacere they differ in having 
2 or 3 stamens, and if with a 1-celled ovary usually 2 styles, and tho 
distinct perianth. The species occur chiefly in Australia and South Africa; 
onl occurs in Chili. The tough, wiry stems have economic uses, for basket¬ 
making, thatching, &c. Genera: liestio, L.; ThamnocIwHus, Berg.; 
' Wildmovia, L.) 
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(Desvauxiaceji? are little sedge-like kerbs, with glumaceous flowers 
in a terminal spath'e; glnmes 1 or 2 ; paleae 0, or represented by tender 
scales parallel with the glnmes; oranes nsually several, sometimes con¬ 
solidated, each with a ])eudulnns ovule; stamens 1, or rarely 2 ; anthers 
1-celled; seeds albuminous; embryo terminal. These little plants, chiefly 
natives of Australia, ai e of small importance, except as repre.?entirig one of 
the types of the Glumaceous condition of Monocotyledons. They differ 
from Cyperaceaj in having several 1 -cdled ovaries more or less coherent, 
or, if a solitary ovary, it is 1-carpellnry; the anthers also are 1-celled, and 
the embryo terminal, as in liestiaeen;; but they have only one stamen, a 
1-celled ovary, and a utricular fruit bur.sting longitudinally. Genera: 
Centrolepis, Labill.; Gaimardia, Gaudich.) 


Obdkb CLVIII. CYPEHACE^. Sedges. 

Class. Glumacem, JEndl. All. Glumales, Lindl. Coh. Gluinales, 
Beuth. et Hook. . 

r)21. Diagnosis. —Grass-like or rush-liko herbs, with fibrous roots 
and solid stems, closed tubular leaf-,sheaths, without ligules, and 
spiked, perfect or unisexual flowers, one in the axil of each of the 
glnme-like inibiieated bracts, destitute'of any envelopes or with a 
tubular perianth (figs. 4‘>:i & dfl;!), or with hypogynous bristles or 
scales in its place (fig. df)!) ; stamens definite, hyjiogynous, 1-f or 
10 or 12; anthers 2-ccdled; the 1-celled ovary with a single erect 
anatropous ovule forming in fruit a utriculus containing a seed 
with a lenticular embryo enclosed in the base of albumen. 


Fig. 451. 


Fig. 4.52. 




Fig. 451. Flower of T^yiaphorum. Female flower of Cmres. 

Fig. 46:<. Section of same, showing the ovurv. 


Carex, Mich. 
Kobresia, Willd. 
Schoeuus, L. 
Cladium, R. Br. 


Il-LUSTBATIVE GeNBAa. 

I.solepis, R. Br. 
Soirpus, L. 
Eleocharis, R. Br. 


Eriophorum, L. 
Cyperus, L. 
Papyrus, WUid. 
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Afflnltlea. —This Inrjro Order of Gluniaceons plants resembles in many 
presects the Grasses, but has several marked distinctive characters, \iz. 
the tubular leaf-sheaths, the usually nnirular and solid stems, the general 
reduction of the floral envelopes to a single bract or glume (’2 additional 
glumes exist in Cam and some other genera, and hj’pogynous bristles or 
set® in Scirpus, Eriophtrum, &c.), and the,fact or the embryo being 
enclosed centrally in the base of the albumen of the seed. From lli'Stiacetc, 
.some of which resemble Sedges in habit, they are distinguished by the 
erect seeds, by the 1-celled ovary being formed of ‘2 or 8 carpels, and by 
the leaf-slieaths not behig slit. 

Distribution.— Universally diffused, especially in mar.shes and about 
running stn>ams. (’arej-and Scirpu* belong chiefly to cool climates, Ctj- 
perits, Marisati, and others to wanner, wliile some appear ubiipiitous. 
Scirpii-i friqiieter is found in Europe. South .'Vmerioa, and .\ustralia. 

Qualities and TTsos.— The plants of this Order are generally devoid of 
active properties, and are less nutritious than the Grasses; but some have 
bitter and astringent propertie.s, while others are regarded ns diaphoretics. 
Several of them have some econnniic value. The rhizomes of ('i/perus 
hngm are n.stringent, those of C. rotiiiuha contain an aromatic oil; the 
creeping stems of Care.c hiriti, arewiriu, and other species have batm used 
as substitute.^ for Sarsaparilla. The rhizomes of Cijperm ewulentm, 
hulbnuua, and some other plants of thi.s Order, being tuberous and devoid 
of noxious properties, are used locallv ns articles of food. Papprm anti- 
quorum, a tall sedge, with a spongy pith, is celebrated as having furnished 
the ancients with a kind of paper, made by cutting the pith into Inmime, 
whtch were laid one upon another and pressed, thereby becoming glued 
together by their own sap. Its stern was, and i.s. also used for basket¬ 
making, mat.s, &c., like various Srirpi kc. Tile species of Eriophoriim, 
the Cotton-grasses of our moorlands, produce a floi.-k of cottony hairs 
around the fruit, sometimes used for stulliiig cushions, kc. Canw an naria 
(fig. 24) and C. inenrvn, growing on sandy sea-.shure.s, are very ellicient 
in binding the shifting sand. 
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(PHANEEOGAMIA, FLOWERING PLANTS.) 

Divisrou II. Gymnospermia. 

Floworinpj plnnts, with achlamyd.'ins unisexual flowers 
rirran^'cd in cones, the male flowers 
consisting of anthc'riferous scales 
collected in deciduous cones, and 
the female either of open carpels 
(tig. 4~)4, a), bearing naked ovules, 
standing in the axil of a bract, 
and arrangc'd in persistent cones, 
or of nidcc'd terminal ovules sur¬ 
rounded by a few scales ; seeds 
albuminous, with an enclosed em¬ 
bryo hearing ii cotyledons, »-hich 
are sim]»le or divided into several 
lobes -a whorl of 1 orniorecotyle- 
dons (Hg. 4r)4. k) according to some 
authors,—and with the radicle en¬ 
closed in a sheath (tig. 4 .j4, d). 

The members of this group art' remarkable ns forming a bond of union, 
in many important parts of their organization, between the Angiosperux- 
ons Floweninr plants and the higher t'rvptogamia. The t'yeadaeete have 
the hiibit of Palms, or of Arborescent Ferns; their fertile foliar organs, or 
stamens and carpels,re'smnble in Ci/rris the fertile leaves of Ferns; in Zdinia, 
ns in Piinieea’, the carpels approach nearer to the condition of the carpels 
of Antfiosperms, but are flat or open. The strneture of the female flower 
Jins been a subji'ct of much controversy among botanists; the accoimt 
above given is that which is on the whole the most generally adopted, 
. thougdi it should la* stated that sonn* botanists regaixl the outer invest¬ 
ment of the ovule as an ovary, in which latter ease the scale supporting 
it wouhl have more of the naturi' of a branch than of a foliar organ. The 
reasons for considering the reproductive bodies as naked ovules and not 
ovofies are tlius given by Alph. de tlnndolle; -1, the mode of dex elopment 
is centrifugal as in ovules, not centripetal ns in ovaries; the seeds of 
.some (hinifers (/Wocrtc/aw) arc' auatropal,njiosition unliiiown in ovaries; 
.‘1, the Insertion is that of an ovule and not of im ovary. To this it may 
be added that tin* structure and arrangement of the tissues in the scale 
supporting the ovules are more akin to those pf a leaf than to those of a 
branch. .Vnntomieal investigation .shows that while in Cycads the ovules 
arc, b<irno on the sides of a scale originating directly from the axis, in 
Conifers tin* ov’nlig('rou.s scale is the production of an abortive secondary 
branch originating in the axil of the primary scale. Piuaceie and Taxaceax 
agree with Dicotyledons in habit; but the’foliage of the latter approaches 


Fig. 454. 



Fipf. I.'il. A, C.’inD*! of Pinvn (n, ovules); 

II. SffUt <»f nf witli Hpetla (a) 
iu /‘iht; i\ wnigi'il rij»p spffl («• settl); 

IJ, fteciit>n of showing? embryo in 
emlnttnerm; E. embryo aiTiuinnting. 
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th«t of Ferns, while there are relations Ix'tween their inflorescence and 
that of the Lvcopodiacea': (Inetactw approximate to (hisuarinaccie and 
Chloranthaceie in habit: and perhaps l'pht<h-a maybe compared with^ 
Eqmsrtiim. In all cases there may be observed a remarkable series of 
phenomena iiiterjiosed between the wrival of the pcdlen upon the nucleus 
and the luaturation of the enibiyo, not met with in Anifiospennous 
Flowerina: plants, and, at the same time, very ni'arlv allied to processes 
which take place in the frenniualion of the spores ot ticlnt/iiirlla and the 
Marsileaceie. These will ho more fidly explained in the physiolo};ical 
portion of this work. 


Order CLIX. PINACIL'E. The Pine Order. 


Cfflss. Coniferie, Undl. Clas.t. Qvinnogens, LiniU. Subclass. Gymno- 
spermem, ileiith. et Iluuk. 


523. Diagnosis .— Trees or shrubs, mostly with evergreen, linear, 
needle-like or lanceolate leaves, sometimes tufted, sometimes imbri¬ 
cated, momecious or dicccious; the female flr>wers in eoiies, eotisisting 
of imbricated caqiels arising from the Sxils of membranous bracts, 
and bearing (fig. 454, a) 2 or more ovules on the upper face; fruit a 
woody cone or a succulent berrj’ formed by coliereiice of a few fleshy 
scales (ffalbulus). 

’ iLLUSTRATIt'E GeNEHA. 


Suljorder 1. Arietink-e. Oi-tilcs j 
with the micropyle nmrt the base of 
the caipel; pollen oval. 

Pinus, L. 

Abies, Tournef. 

Araucaria, Jus.s. ! 

’ I 


Subord. 2. Cri'REssiNE.E. 
erect; pollen spheroidal. 
Junipene', L. 

Thuja, Tonnief. 
('ryptonieria, Don. 
(‘uprcssiis, Tinirni f. 
Tax(tdium, L. C. llich. 


Ovules 


Affinities. —The above diagnosis gives the essential character of this 
Order, which, however, deserves a little detailed notice, on account of the 
modifications occiining in the diflerent g'-iiera, as well as on account o6 
the difficulties which the structure of the inflorescence may present to 
the student. 

Among the Ahietlnerr, in the common Scotch Fir (IHnus sylrestris) the, 
male inflorescence appears in the form of a compound spike, each branch 
of which consists of a number of anthers arranged in a cone ; each anther 
is represented simply by a scale having 2 pfirallel pollen-cells, one, upon 
each side of n connective whtdh is produced into a little longue beyond the 
pollen-cells. The female ini!(,rescence consists of a .single cone, composed 
of single carpellary .scales, st ated each in the axil of a membranous bract, 
the whole spirally arranged round the axis; each carpel possessing, oti the 
upper face, at the base, 2 naked ovule.s, with the,ir points directed towards 
the base of the carpel. In other Abielinere. the stamens are more complex: 
in Cunninghamia the anther is :5-celled; in Araucaria many-culled, the 
loculi consisting of free tubular bodies attached by their apices to a 
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thickened connective at the tipper end of a sleifder filament ; fie oonditfon 
of the carpids also A'^riiw, Araucaria and JJammara having' but 1 ovule, 
t'anninytuimia ;t, and other genera iiiort?. A diversity also appears in 
ilie cones, from the different ways in whicli the cariwls are developed: in 
PiiiM »i//i;esfn’s, and many others, the upper ends become thickened Into 
woody betnU i a/iop%M) wietding in a valvate manner, Ibnuinfr the 
“ tessellic ot the eimtiimous surface of tlie unopened cone, ■while in Abies, 
Cuniii/Kjliamia, &e. the upper ends of the rip ■ carpels overlap in an 
iiuhrieated nmimer. 

In Cupressinetr, the stamens of Ciiprcssas, Juniperm, Thuja, &c. are 
peltate, with several loculi under the overhanging connective ; and the 
carpels represiniting' the female Howevs have in Thuju 2 ovules,in Cupressus 
many, in Juniprrus 2 or only 1 erect ovule at the Imse ; in Juniperus the 
carpels riiien into lloshy struetuivs, coheringtogethi'r so as to form a kind of 
herry ; in (Mllitris the cone is of glohuse, form, and composed of 4 peltate 
scales, the ujioji/ii/srs of whieh meet in a valvate niaimor; tiie same is the 
case with a greater numlsM- of valies in Ciiprexsus, ii hile Thuja has the 
scales more distinetly imhrieated, but still with thickened apophvses, 
which meet in a valvate manner (like those of Piaus xi/lvcstris). 

The curious fasciculate arrangoim'nts of llie loaves of Pinus (§ (54), 
wlieri' 2, d, 4 or more occur together, with a coinnion membranous sheath 
at tlie hasp, otfer valuable distinctive characters for llie species. The 
allliiities of the I’inaeeie are with Ihcotylednns by their habit of growth, 
althongli tiiere is an essential dilferenci' in the internal structure of their 
organs; the inflorescence of this and the associated Orders is perhaps 
more hiirhly organi/.ed than that nf the I'ycadticea', and is connected with 
I’hancrogamia. on tlie one hand, hythi' presence of distinct stamens and 
carpels, tlie latter pnalaeing a perfect seed; while the nature of the pro¬ 
cesses taking place in the developineiit of tlm enibrvo (described in the 
I’hysiolngical Part of this wia-k) indicates a close approach to the 
conditions which are met with in the higher {'ryptogamia, especially 
SehujiacUa. 

Distribution.—A considerahh' Order <>ven in point of number.s, its re¬ 
presentatives are met with in all parts of the world, the .species of Pitms, 
Abies, and Taxudiiini grewing socially, form characteristic forests in the 
norllieni hemisphere. 

Qualities and Uses _Most vtdnable ns timber trees and as sources of 

important resins (turpentine, pitch, (vtc.) used in the arts, and aromatic, oils 
and balsams having medicimal properties. 

Pinus includes;— P. si/lrcstris, thi> Scotch I’ir (North Europe): P. Pi- 
uastcr, the (Tuster-pine, a Icssliardy tree ; P. paluslris. the .Swamp-pine of 
Virginia ; P. T<r<Ui, th(> Eraukincensi'-pine. Piaus I'roinmiiaita, P. Iadu- 
hrrtiana, P. Strabus, !xc. aw other vt'ry valunhle timber-trees, attaining 
a heig-lit of iipwanls of 200 feet. Pinus J'inca, the Stone-pine of the south 
of Europe, has edihlo .seeds. Abies ineludes:—the Norway Spruce, A. c.r- 
rclsa : the Silver Eir, A. pertiuata ; Abies luilsamca, 15alsnm-ot-(iilead Eir, 
and A. caiiailensis, Hemlock Spruce, both North-.\merirnn. Cednis. a sub¬ 
genus of .-1//ICJ, ineludes the Oedarof Lebanon (Abies C’ednisor C. Libmii), 
and the Deodar (f'. Dcodara), which is supposed to lie merely a variety of 
the la.st nomed ; Larir, another subgeims, ineliide.s the European (Abies 
Jjarix or LarLc europeca) and other Larches, charocteriiied by deciduous 
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foliage; Araucaria includes the enormous Cliilian Pine, A. imhricata, and 
the 5loreton-Bay Pine, A. BidwiUi. Eutaasa exceUa is the colebrntcd 
Xorfolk-Island Pine. Eaimnara ausfralia is the Cowrie I’ijio of New 
Zealand; 21. orientalia the Uaiumar Pine of India. Sequoia (or WelHny- 
tonuOZ/fV/u/dcu is a Californian Pine, attaining a height of 300 feet; Micro- 
caehnja tetrayona is the Iluon Pine of Tasmania. 

Juniperua is best known in this country by the conmion .luniper shrub, 
J. vufyaris, or by the cultivated .Savine, J. Sabina ; but the specie.s of other 
countries are more important, ns .7. henniuliana and J. riryiniana, the “ lied 
Cedars,” the aromatic wood of which is used for cabinet-making, and* for 
blacklead pencils; J. Oxijcedrua, a Meditemneaa species, forms also good 
and durable wood. Thuja oecidvntalia and irientalia nre tins Arbor-vitm 
trees of our shrubberies; Crypfonieria is now introduced also from Japan; 
Ciipressua aetnperi'ireua is the common Cj*press; C'allitria quadrividvia, the 
Arar-tree of North Africa, has odorit'erous and durable wood ; C. auatralia, 
is the Oyster-Bay Pine of Australia. Taxodiutn diaticlmm is the Decidu¬ 
ous Cypress of the United States, and characterizes the Cypress-swamp.s of 
the Southern States. 

Among the above, tuipentine, re.«in, and pitch arc derived from many: 
important kinds of resin are :—common turpentine, n>sin, pitch, and Bin- 
gimdv pitch, from Finua aylrcatria ; \'euice turpentine from the litirch; 
Strasimrg turpentine from Ahiea pecfinafa-, Bordeau.x turpentine from 
P.Fimuster &c.; Canada Balsam from Ahiea halauuiea and A. eanadenaia; 
Saudarac from Ca/litria quudriralria •, tium-Danmiur from Dammam au¬ 
atralia &c. The berries of Juniperua oulyaria are aromati(!, and nre used 
for flavouring gin ; they are diuretic ; J. Sabina has still more active tliu- 
retic properties; and Guprcasua and Thuja appear to have poisonous a -..li- 
ties. The large seeds of many other I’ines, besides the Stone-pine, are 
eaten locally, in a fresh state, as oi Araucaria imbricata, A. BidiiUH, &c. 


Order CLX. TAXACEyE. The Yew Order. 

Clasa. Coniferte, Endl. Class, (fynmogens, Lvull. 

524. Diaynosis .—-Trees or shridis with niirrow rigid leaves or broad 
leaves with forked nerves, unise.xual nalmd flowers, .suirounded by imbri¬ 
cated bracts, the male several together, composed each of one or several 
coherent anthers, the female of a snlitarv naktal ovule, terminal or in the 
axil of a bract; the seed usually sui-rounded by a succulent coat. 

iLm'STKATIVE GeNERA. 

Taxus, L. Daciydium, Sol. Cephalotaxus, Zucc. 

Podocarpus, Z’ife'r. | Phyllocladus,Z. C.iJicA. | Saiisburia, 6'm. 

» 

AfBnitiea—The relations of this group, sometimes regarded as a Sub¬ 
order of the PinacetE. are the same ^ those of that order; and fi'om it 
these plants differ cniefly in the solitary ovule that replaces the cone. 
The leaves of Saliabwia, and in a less degree those of other genera, are very 
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similar to those of Ferns; and the stamens of Taxus closely resemble the 
sponuiges of Equimhmi. 

Distribution. —A small pronp, the members of which inhabit temperate 
regions generally, or mountains in the tropics. 

Qualities and Uses. —Agreeing in general with Pinacese, Podocarymn, 
Daerydimn, Ttixits tA^ew), &c. yield valuable timber. The leaves of the 
A'ew are poisonous; but the pulp of the berries does not appear to share 
this piioperty. 'J’he fruits of Halisbun'd adiaulifolia are resinous and 
astringent. 


Order CLXI. GNETACEyE. 

Class. Conifer®, Endl. Class. Oymnogens, Lindl. 

Diayiiosis. —Small trees or shrubs with jointed steins, opposite, 
■simple "etted-ribbed or minute and seale-liko leav(‘s, and imiscxual (rarely 
herinajmrodite) dowers in catkins or heads : anther,s 2-.‘l-celled, opening 
by pores ; fem.ale llower naked, or with two more or less combined scales, 
surrouiidiiig 1 or 2 naked ovules : seed succulent; embryo with 2 cotyle- 
don.s, in the axis of llesliy albumen. 

iLi.rsTnATiVE Genuka. 

Ephedra, Z. j Gneluin, i. | AVelwitschia, .//oo/t'./. 

Affinities.—This Order is chielly intere.sting as furnishing a link to 
connect the Coiiifera; with the llicotyledous, since the plants have a 
truly Gymnospennous organization of the tlower, while in general struc¬ 
ture upproachi's to CasKuniHi. and (,’iietuni to CMonmthiis. They 

are destitute ot the resin so characteristic of Conifers. The ovule presents 
the curious peculiarity that a third integument, immedifitely investing 
the nucleu.s, griiw.s out into a long process like a style, and which projects 
from tile foramen of the outer coat. Wehritsi-lna mirahilis.a native of desert 
regions in south-we.stern Tropical .Africa, where it wa.? dheovered by the 
botanist who.se name it bears, is, in many rt'spects, the most interesting 
flowering plant now in exi.stimce. It con.si.sts of a woody trunk, about 
2 feet high, with a long woody root, and terminating above in an iiTe- 
gnlarly lobed saddle-like tna.«s, 4-o feet in diameter. From a groove 
bene.atli the edge of thi.s i.s given otf, on each side, a broad leuthery leaf, 
some 0 feet long, and .split into numerous thongs. These lcave.s are 
supposed to bo the persistent cotvledoiis; and no others are produced, 
though the plant attains an age ot at least a Iwndred veal's, and probably 
more. The disk at the top of the stem is ullarlted Ijy concentric lines. 
The inflorescence consists of coiios borne on forked branches wliich ori¬ 
ginate from the edge of the disk. Tlie cones contain, some female tiowem, 
others male flowers; the latter with an abortive ovule occupying tlie ex¬ 
tremity of the axis, Tlio female flower is similar in essentials to that of 
Gnetum ; the male is quite distinct from any thing else. It consists of a 
perianth, as in the male flowers of enclosing six stamens, united 

by their filaments into a short tube, and bearing glolbose anthers, which 
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open by a S-rayod pliiiik. In the centre of the flower is a body like an 
ovary, with a terniinal etyle-like prolongation and itn expanded stigma. 
This pistil-like structure invests the nucleus of the ovule, which, in this 
cn.se, is destitute ot embryo-sac and embryo. The ovary-like body iu 
this flower is shown, from its mode of develupuieut and structure, to be 
homologous with the coat of an ovule, and not to possess the cliaracter- 
i.stic3 of au ovary, e.xcept so far as superlieial ro.sembIance is concerned. 


Fig. 4dd. 



Fig, 'I'o. IVeltril^chia 


Th" long stvliform procca.s is similar to that which occurs in the ovule of 
Eithfilra. ^The ovule, then, of WehviUi'Mn is strictly nyiunospermous, 
like those of Ooiiifer.e. The structuvo of the stem helong.s to the Dicoty¬ 
ledonous type, but having, iu aildition to the otlier bundles, scattered 
vessels pa,s.sing tliroiigh the parencliyma, as in .Moiiocotyledonous stems. 
Among the ordinary parenchymatous cells occur “ spieular " cells of large 
size and irregular branching form; these are covered on the outsidft with 
rhomboidal ciy.staU of carbonate of lime. Similar cells occur in Arau¬ 
caria. 

Distribution. —Ephcilra occurs iu Europe, .Vsia. and South America, iu 
temperate regions; Oaetani iu trn]iieal India and in Guiana. 

Qualities and Uses. —thiimpovlaut; the hrauches aud flowers of some 
Ephedra were formerly u.sed as a styptic druu. , 


Order CLXII. CYCADACTLE. 

t 

Clam. ZaraifC, Endl. Clem. Gymnogeu-s, JA»dl. Subclass. Gyrano- 
sptame.U!, lienth. ct ILmk. 

,526. Diagnosis. —Palm-llko, dwarf trees with simple trunks, 
having the iiitcniode.s Undeveloped, the surface tessellated with the 
scars of the fallen lcavc.s; leaves clustcrod at the summit, jiinnatc, 
parallel-ribbed, more or less hard and woody, circinate iu ver¬ 
nation; dioecious, the flowers in cones; tlie anthers covering the 
under surface of the male cone-scales; female flowers cither peltate 
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. scalps with ovules beneath, or flat scales with ovules at the base, or 
isomcwliat leaf-like scales with the ovules on the margins j seeds 
with a hard or succulent coat, containing 1 embryo or several, in fleshy 
or mealy albumen. 

InnusTnATiVE Guneea. 

Cycas, L. Zaniia, L. Macroznmia, Miq. 

Dion, LitiiU. Ikiceplialartos, Lehn, Stangeria, Moure. 

AfflnltleBi— AVitli the habit and appearance of Pnlms, especially in the 
genua Shiiiiirria, tliese ])lants agree witli J^inacea) in the (jssential pecn- 
liaritiea of the organization.of their flowers and seeds, while the distri¬ 
bution of the re])rodnctive organs over tlie leaf-like carpels and antlieri- 
forous scales in Ci/cn>i, together with the circinate vernation, connect this 
Order with the Ferns, thus sti'engthening the relation between the 
Gvmnnspenniu and the higher (.'ry]itoganiia, which is so e\ident in the 
aflinities betwein Ihnacete and Lyeo])odiacea.‘. Some difference exists 
in the condition of the reproductive organs. The flower-cones, composed 
of imbricated .“cales, appear to be a.xillarv productions in Zamiu ; but in 
f’l/crts they are formed from the terminal Imd, which .subsc'ipiently grows 
on (a.s in the Fine-ajiple), so that here thi' terminal inflorescence does not 
arrest the growth of the axis: the formation of cones occurs at intervals; 
and when the scales fall off after the pollen or the seeds arc mature, the 
sbrni is found marked alternately with bands of scars of two kinds, those 
of the true leaves and thost' of the floral halves (carpels and stamens). In 
’/.amin the cones are lateral, like the j^padices of many Palms. In (V/eu.s 
the female cones are formed of large flat leafy carpels, with ovules aiTanged 
at some di.staiice ajiart on the margins; the nude cones are likewise 
fornuMl of leafy scale.s, bearing inuneroiis anthers (or loculi) scattered over 
the lower surface, the loculi being commonly gruupid in fours like the 
sporanges oi Mertemku In Ztniiid the ('oin's more nearly resemble tho.se 
of Pinacea': the male cones are formed of judtate .scales (with an apophysis 
as in the ripe cones of Ciiprc.ssiis) with the jiollen-cases under the over¬ 
hanging head; the female cones are composed of somewhat peltate scales 
bearing only a pair of ovules at tiie base. 

Distribution. —Tropical and teinjieratw part.s of Asia and America; 
Africa, esitecialh' near tin' Cape of Good Hope, ^ladagascar, and Australia. 

Qualities and Uses. —'I'lie chief value of these plants is as sources of 
a kind of Arrow-root or Sago, consisting of the starch washed from the 
internal parenchyma of the trunks, or obtained fnmi the mealy albumen 
of the seed.s. ('j/ruis irrolnla and cirriiwlis are “ Sago " plants in Japan 
ami the IMoliiccas; various specie,s of Jkin-phalarfoK form what is called 
“ Calibr-brend" at the Cape; Dion <‘(hile (sjeds) furnishes a kind of 
Arrow-root in Mexico. 
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ScBKr.vGDOM II. CRYPTOGAMIA, or FLOWERLESS PLANTS. 

.'527. Plants producing .sexual organs, but neither stamens, ])islil.s, 
nor seeds. Embryo simple, homogeneous, not divided into distinct 
oi'gaus, but consisting of a single cell. 

The plants included under the above bead are divided into a gi-eal 
number of subdivisions, wliicb, nlthougb all connected toe-ether by the 
characters above cited, vet ditli'r exceedingly in the minor details of their 
conformation ('see p. toil, §§ .‘505 & .‘10t>), on which account it is desirable to 
treat of the morphological details of each groiip at greater lei!gth than in 
the case of the corresponding groups of Phanerogams. The functional 
peculiarities arc likewise separately treated in the physiological portion of 
this work. 


Division I. AngiosporsB. 

528. Cryptogamous plants possessing true stems and lcavcs(frond.s ), 
producing their spores in “siiorangia" or sjtorc-cases, -which are 
themselves sometimes enclosed within spore-fruits—conccjitacles 
or siwrocarps.” Antheridia itroducing spinilly twisted, ciliiited 
“ antherozoids ” or “ spermato/.oids.” Spores, when gerraintiting, 
producing a “ prothallus,-'’ on which the *• archegonia ” or female 
organs arc formed, winch are fertilized by the antherozoids. 

Angiosporous Cryptogams, as above deliued, correspond for tlie most 
part to the Acrogens of other botanists. The woody tissue includes 
vascular as well as cellular eh-meuts, and increase.s chielly by ndditiou to 
the summit, a.s will be further exidained under the head of Minute 
Anatomy and Physiology. The ])Iants manifest in the germination of 
the spore.s a sort of alternation of g-eneratiuns: first a protliallus i.s dt've- 
loped, on whicli the true female organ i.s formed and fecundated hy the 
antherozoids, Avliich lattc-r .ore either formed on the primary plant, or on 
the prothallus with the archegonia. 

Class I. SrOIlOGAMIA. 

629. Angio-sporous Cryptogams, jtroducing two kinds of spores:— 
“microsporcs,” containing spiral sperinatozoids; and “ macrosporcs,” 
which in germinating form a “prothallus,” and on which the arche¬ 
gonia are formed. C • 

This class includes the Orders ^lar.sileaceM and Lycoviodiacere, a.«so- 
ciated under this name«on acponnt of the similarity of their modes of 
reproduction. They produce spores of two kinds, called respectively 
macro- and microsporcs: the former give origin to the .spore; the latter 
are “ antharidia,” in which are formed “ antherozoids.” The spore emits 
a “prothallus,” on which is Iwme one or moreiarchegones, analogous to 
ovanes and containing a cell which is fertilized by the untheruzoi^. 
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Order CLXIII. MARSILEACEtE. 

Clem. ll^’droptcriJes, Endl. All. Lycopodales, Lindl. ' 

530. Dicu/nosis .—Creeping or floating herbs, with an inconspicuous 
stem bearing stalked or sessile leaves, circinalj in vernation; sporo- 
earps stalked, situated at the base of tlie leaves or leaf-stalks, and 2-4- 
ceiled, 2-4-valved, containing antheridia (inicrospores) and spo¬ 
rangia in diflerent compaitnients of the same fruit, or 1-cellcd with 
the antheridia and s 2 )orangia in separate sporocarps, and springing 
from a central x'lacenta; spore producing a prothallus, on which are 
one or more archegonia. 

The Marsileacece, of which Piltdarui is our only native example, are 
small herbaceous i)laiits, growing in the mud at the margins of ponds, or 
floating in stagnant laiols. Their stem is little developed, consisting in 
tile terrestrial forms of a slender creeping rhizome with tut'ts of Aliform 
adventitious roots; in the ufpiatic forms it is a mere basis for the tufts 
of leaves. The leaves are .'inall. Aliform in 1‘ilidaria, ovate in Salcinkt, 
and of remarloible iiuateniate, form in MuniUa. The fruits consist of 
capsules of globular or oval form {n/Kirofeirjts, cuiici'jitucleis, or qiun-fruiUJ, 
borne on stalks whieh arise at the bases of the leaves or leaf-stalks. In 
1‘itulariu and Mursilea the sixm-fruits are divided into chambers, which 
contain the two kinds of spores in distinct sac-like cases(rtccrc). InPilularia 
the sporocav}) bursts into two or four valves, and lilx'rates a luucilagiuous 
substance in which are intermixed the micro- and macrospores. Iii-V/a/'- 
nilfU the .sporocarp bursts in a similar maimer to give exit to a mucous 
, thread or stalk, bearing oblong sporanges or spore-enses, some; of which 
contain large, other.s simdl spores. In •'Salriiiiii and Aiulla, the spore- 
fruits are of two kinds, and produce respectively antheridia and sporangia. 
The antheridia contain antherozoids like those of kerns. 

Affinities, & 0 .—The organization of the reproductive otgans in this 
Order is the liigliest met witli in Cryptogumin, the sporanges being 
enelused in eunsules stalked upon tlie main stem, iiolviuia imti AzolJa UK 
sometimes included in a distiiiet group, iSeitriiiiea’, distinguished from the 
true Alarsileacetc in habit, in the cheumstance that their reproductive 
organs occupy separate oouceptacles, the eonceptach; itself being 1-cellcd, 
with a eentral placenta, ami destitute of tlie gelatinous btuly so ehanieter- 
istic of Marsilciii, Moreover the prothallus hears more than one arche- 
gouium. The species are not very numerous, but are widely diA'used, 
cliietly ill temperate climates. TLev huv6 nio known properties. The 
Navdoo of Australia {Martilea salvednx) belongs to this family ; its spores 
have been eaten in cases of scarcity. « 
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Order CLXIV. LYCOPODIACEiE. Club-Mosses. 

Class. Selngines, JHiitll. All. Lycopodales, Liiull. 

531. Diagnosis .-—Herbaceous plants with creeping stems, bi-ancli- 
ing in a bifurcate manner, clothed with small, usually closely imbri¬ 
cated leaves. Sporanges in the axils of more or less metamorphosed 
leaves, often arranged in cone-likC spikes (stalked or sessile) formed 
from one of the branches of a bifurcation of the stem; sporanges 
1-3-celled, of two kinds {Sclaginella), producing either 4 large 
ovulary spores or numerous small anthcridial spores. 

Illi'sti?ative GEXF.nA. 

Tmesiptcris, JBenih. ] Lycopodium, L. 

rsilotum, Sxc. Selaginelln, Sja'iiig. 

The Lycopodiacea), including the Lijvnpodkte and also tlie Isoeteco, 
are distinguished by their sponuiges being sessile in the axils of leaves or 
bracts, which are often collected into a kind of inflorescence like the cone 
of Firs. 


Fig. 450. 



Orgsnizatioii of Lycopodiwe:—ff.frnpnput of HflntjinpVa 'kehfHrn, with ftititrupikef); b, a por¬ 
tion of the leafv iftem; r, frhiL-HpiWj* of Lycopodium runudiimm; rf, fruit-Hcalp of L. inuii- 
datunif with anliary sporangt*; p, th<! spomnge bursting; Aporcfi from c: a, Aporangi* and 
smiall sporee; h, eporangc with quatornory iurgo sirores; and t, the atuno, Durat; alT from 
Selaginella helcetica. 

The Lycopodiea have slender stenw characterized by a bifurcating 
mode of ramification (fig. 466, a). In the Lycopodia the stems are hard 
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nnd woody, in the SelayindUr. usually very delicate. They produce 
solitary adventitious roots at the forks, and are covered with small imbri¬ 
cated leaves, all alike and arranged spirally in Lycopodium, but- of two 
kinds and arranged in peculiar vertical rows, giving a flattened aspect to 
the stem, in Se/oyiiiella (fig. 450,6) ; the smaller leaves here are tegarded 
by some authors as stipules. 

Th(‘ fertile leaves of many lyycopodin and Selaginellcc are collected in 
slendor-stalked or sessile cones or strobiles (fig 450, e). The spores are 
contained in depressed oval cases, seated in the axils of these leaves (rf); 
and in Lycopotlmm only one kind, containing a large number of spores, 
resembling pollen-grains, has been found ic,f) : in S'elagiiicUa, however, 
microspores or antlieridia are formed, and the lowest bract in each cone 
is found to subtend a sporange containing four much larger spores (macro- 
spores ) (6, i ); these last are the kind which germinate and reproduce the 
plant, producing in the first instance a prothallus, on w'hich archegonin 
are produced and ar<! iertiliz(;d by antherozoids like those of Fems and 
foniK'd within the microspores. '1 ho reproduction of Lycopodium has not 
boon ob3er^■ed. 

ly/copodiecc seem to have attained for greater dimensions in former ages; 
the fo.s.sit trunks of trees oalhul I^epidodendm appear to have belonged to 
plants of this family, and which must have rivallecV'tho arborescent Ferns. 
At ju'c.sent tliey aro herbaceous phint.s, the hardy Lipvpodin mostlvcreep¬ 
ing on the ground, the more delicatt' Schiyiuelke either creeping or climbing 
over low ohject.s, in damp and warm climates. 

Affinities. &c. —The immediate rehition.s of this Order are with Isoe- 
taeeic, which scarcely dilfer, except in the organization of the vegetative 
structure, and in the larger number of tlie macrospores. A most distinct 
affinity exi.sfs with Pinheete in the cone-like spikes, as well as the deve- 
lo])ment of the embryo in the larger spores. The Club-mosses are generally 
dillii.^ed:—the species of Lycopodium in temperate and cold climates; the 
tSidayinellfp in warm n'gion.s, being esi)eeially abundant and large, in warm 
damp localitic'j like the Indian i.-ilands. .'some kinds are apparently dangerous 
or poisonous: Z. clurutwu has bocu used ns an emetic: L. fielnyo and L. 
cutlioiiicum are ptirgatives: the hitter i.s very violent in its action. The 
ScloyiticlUc are very elegant plants, much valui'd in cultivation, in a-ssoci- 
ation with Ferns, and in moist stoves on account of the bright and deli- 
ctitely fomied foliage. ()ne or two of the .spei'ies roll up their fronds 
when dry, and 'unfold them again when placed in water, owing to the 
rapid ab.sorption of the fluid, whence they have been called Kesurrectiou 
plants.' 


Order CLXV. ISOETACEilj 


Quill-worts. 


Qass. Selagine.«, LJtidL AN. I.ycopodales, lAndl.' 

I 

532. Diaguosis .—Tufted a(]^uatic or marsh herbs, gi-owing from a peren¬ 
nial conn-like .stem, supporting lini'nr cvliiidrical leaves of delicate tex¬ 
ture, producing annually, in the axils of suecessive cycles of the leaves, 
sporangos which are immersed in the sukstance of the inner face of the 
leaf and divided internally into chambers by more or less perfect septa; 
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some of the sporanges produce small pntheridial spores, others (fewer) 
large spores. 

iLLUSTBATn'E GeXHRA. 

Isootes, L. I ? Phylloglossum, Ku‘. 

The Isoetea are represented by a genus of plants prowing in the mud 
at the bottom of pools. Their stems consist of a kind of co/v/i. of peren¬ 
nial duration and of woody structure when old, producing adventitious 
roots on the underside, like the corms of the Flowering plants, and send- 
inff up tufts of leaves from a single terminal bud. The leaves are very 
delicate, of cylindrical form, and contain longitudinal air-chambers: they 
are expanded into a kiml of sheath; “ phyllopod,” at the base where 
attached to the conn; and in their axils, more or lew imbedded in the 
substance, are the sporanr/eK, sacs divided into several chambers, some 
filled with nuraerons small poUen-like spim'-i, others containing a small 
number of larpe sjjores, resembling the quatemarv spores of Setat/tiii'Ua, 
and, like them, producing the prothallns on wliieh the archegonia or 
female organs are placed. The nntherozoids are like those, of Fenis. 

Affinities. —Nearly related to Ijvcopodiaceic, with which their reproduc¬ 
tive organization agrees in all essential respects—but diflerincr strilringly 
in habit, especially in the character of the stem, which is exttmially like 
a corm, but in reality isBporemiial woody caude.x increa-sed in size by 
successive annual growths. wonM apptuir to be exactly 

intermediate between Iwi’fo-i ami Srhniiiifthi, having the leaves anil stegi 
of the first, with a stalked spike, like the second : pi?rhaps this and the last 
Order should be conjoined. The species of Ixo'eten an* generally dill’u.sod 
in the northern hemisphere. They have no known properties. 


Class TI. TH.VLLOO.VMIA. 

533. ngiosporou.s Flowerless plants produeing spores of one kind 
in spffi-ange-s placed on the leaves or on the stem ; the spore genni- 
nating into a green cellular pmthallium (like a Itivcia), on which are 
develo]x;d authcridia and archegonia, the latter giving origin to a 
leafy stem ; antherozoids spiral. 

This class comprises the Ferns and the Eipiiseta, or Horse-tails, two 
•groups wliich are connected together hy the plienoinena presented in tlie 
germination of their spores, and hy their producing these, organs in one 
kind only. While the Hporogamia have what may be called male and 
female .spore.s, the Ferns and IIorse-taiLs are fiiruislu'd with spores of oidv 
one kind, which germinate and produce an Algoid frond .called a prothal- 
Im, npon which are developecf the sexual organ.s, the anheponia and ««- 
theridla. 'WTien an arojiegoniiim is fertilized, it gives hirth to a kind of 
embryo, which assumes tfs? character of a bud, sends out leaves (or stems) 
and roots, and grows up into the fonn of the parent plant, while the germ- 
frond or pfuthuUm die.s away. 

The Filices and the Equisetaceje are verj'unlike in their fully developed 
conditions: in the former the leaves are the predominant organs; in the 
latter the leaves are alino.st abortive, and the stem is highly developed. 
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Order CLXVI. EQUISETACEyE. Horse-tails. 


Class. L olaniariic, Eiidl. All. Muscalc-s, Lindt. 

Diminosis .—ITorbaceous plant.s with slender, jointed, some¬ 
times nodular, suhterraneous rhizomes, sending up at intervals fistular 
jointed sterns, bearing whorLs of scales (leaves) at tlic joints, where 
tliej' are sometinies vertieillateljr branclied ; sterns either barren or 
fertile, the latter terminating in a elavatc joint covered with spor- 
anges, • consisting of peltate bodies (fig. 4.")7, c, ^0dehiscent 
spore-chambers under the overhanging liead. Spores of one kind, 
willi 4 (dastie filaments, “ edaters,’’ formed by the spiral fission of 
the outer coat of the spore (fig. 457, e, j). 

Il.r-USTUATtVE GkN'L’S. 

E(iuisetum, L. 


The Equisetaoea) Jit pre.«ont 
e.\i.sting con.«i.st of a. single genus, 
Ji'/m'se/uni, a small assemblage of 
horbaciams plants growing in marshy 
plnce.s. ha\dug a creeping,subterrane¬ 
ous, jointed, but .-olid rhizome (fig. 
457, a), from whieb arise erect shoots 
or stems of peetdiar aspect, and 
n,sually of greyish-green colour. 
Tlu'y " are .striaied longitudinally, 
joinied at intervals, with einde.s of 
.small and narrow membranous .scales, 
representiug the leaves, at tlu> joints 
((!”•. 4o7, a,//), and tluw are fi.stular, 
lilio the .stems of (;ras.se.s. They are, 
moreover, traversed by a number of 
tiir-eamds varying in number and 
di.sposition in the .several species. 
The stems are sometimes simph', 
.sometimes compotuid, hearings whorls 
or branches at the nodes (//), which 
branches resemble the main stem in 
(dinractor, and I'recpiently briinch 
again in a .similar manner at their 
nodes. The erect stems are either 
fertile orbaiTen ; in some species the, 
fertile stems aro short and simple, 
while the barren stems are tall ami 
provided with numerou.s whorls of 
spreading compound branches (£. 
fluviutilv). 'fhe fertile stems tenni- 
nato in a kind of club or spike (fig. 
4<)7, a, b), composed of a short a.xis 
closely covered with spormtges (e) ; 


Fig. 457. 



Orfuinizatton of Equisrtftcrep i— s. frrtilo 
Mvm »in*rnRt', nrinini; from 

th«' rhiRonit*; h. fruif-^niko inat. sirtO; 
r, tr«n8V« rst* how 

tin* an* atfnrht'il to thf axis; 

t/, a sjtoraiinf, from lu'nfHth; e, a 
sport*:,/*. th«* sanu*. with its “elatera'* 
unroih’d; <7, fnigmont of the branched 
of K. pttlusire. 
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these are little peltate or m\ishroon\-8haped bodies (e, (T), attached by 
their stallcs to tlie central axis, and bearing under the overhanging head a 
ciivle of vertical tooth-like pouches (r/), resembling the anther-cells of 
Thuja, aTul which burst by a vertical slit on the inside to emit the spores 
•when ripe. Tlie spores are furnished with remarkable filiform processes, 
called Haters (fig. 4o7, c, /), conskting of four short filaments attached 
at one side, coiled spirally round the s])ore before it is mature, and un¬ 
winding with elasticity when the spore is discharged from tho sporange. 
The erect stems die to the ground annually, while tho rhizome continues 
its growth by buds. t 

Affinities, io.—The plants of tliis Order belong all to a single genus, 
which is very unlike any other form of Cryptogamous plants. In external 
appearance the stems have no little rese-ublance to those of Jiphedra and 
Casuaiiaa : but their internal organization is totally different. Tlie sjiikes 
of sporanges also are very like the male cones of /.aiuia among the Ovin- 
nospermous Phanerogamia ; but the spores of Equh-tum are furnished 
with spiral filaments, forming a structure rjuite peculiar to the Order. 
In conjunction with the fistular erect .stems, having a slight similarity to 
those of (4ra.s.ses, w e find in Equisetum, ns in thaOOrder, a deptisit of silex 
in the epidermal ti.s.sues, and in E. hi/ema/e so abundant that the n.shes of 
the stem form a good polishing-powder, like fine tripoli. In the history 
of the development of their spores the.<«‘ plants agree essentially with the 
Perns (.see Ihe Equisi taccie are found in wet places in 

most parts of the globe. 

« 

Okdek CLXVII. FILICES. Ferx.s. 


Class. Filices, E/all. All. Filicalea, Ijiiidl. 

I)l(tfimsis .—Herbs with a suhtorrancous rhizome, or frees 
with an nnbranched caudex.with well-develoiied, ginerally more or 
less divided or compound leaves, cireiiinte in vernation, and all or jiart, 
of 'wnieh bear clusters of sjKimnge.s \ sori) iijion the lower .surface tfig. 
408 , a, h, d) or at the margins {;/), seated upon branches of the vein.s. 
The 8ori are naked {l>) or covered at first by a variously formed 
dehuscent or separating membranon.s structure {hulti.'iii(m,il, c) which 
i.s c^twitinuous with the ejiidermis of the leaf. 


Ii.i.r.sTit.tTtvE CtKXrtnA. 


Tribe 1, Polyi’ODIKjF.. Sporanyes 
stalked, with a vertical aiinaliis. 
Acrostichum, L. I ' 
Oymnogramma, Eesv. 
Ceterach, Adaus. t 
Polypodium, L. 

Adiantum, L. 

PU'rw, L. 

Allosorus, Bemh. 

Blechnum, Z. 


' Asplenium, L. 

.‘^colopeiidrium, Smith. 

' La.stra*n, I’red. 

Asiiidium, Snmis. 

C'y.stopteri.s, liernh. 

'* Tribe 2. f'YATnF.E.w. Sporanges 
sesfde, mure or less elevated mi a 
common rereptarle; anmdus vertical, 
sVlsophila, R. Br. 

; Cyathen, Smith. 
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Tribe H. I’ahkerteA!, Spormxjes 
thin, with a hroml, imjxrfect, vcrticcd 
nmmlm. 

Ceratopteris, Jirmxjn. 

I’arkeria, I[ook. 

Tribe4. Hymenopiivixe.*. Spo- 
ranijeK on an a,via prodwtd b;/ the 
r.t riirrenre. of a rein beyond the mar- 
yin of the leaf; unmdm koraoiital or 
obtiipie. 

I l_vmenopby 11 urn, Smith. 

Trieliomanes, L. 

Tribe C. Gi/EiniiENiEA-i. ti/m- 
ranyvH commonly nrranyed in foure 
ill the doreal eori, nearly seenile, with 
a traiiererse nr oblique anmilue : 
buretiny rertirally on the ineide, 

(Tleichenia, Smithy 

Merteiiaia, fVilld. 

Tvibt- (1. Sciti/.A-iE.E. ti/ioraiiyee 
doreal; the anniihie in the form of a 
eap on the summit; dekiseence rer- 
tieal. 

Soliizfea, Smith. 

Ly>joJiuin, Nirartz. 

'rii(' I'ilices (IV I'l-riis oxlribit a far (.Tpatev variety of conditions tban 
tlie Honie-taiK 'I'lieir most reniarl able cliaracteT is the p-eat ilevelop- 
inent of the leaves, the stem being' represented in most cases by rhizomes, 
although in some of the exotie forms it becomes areal trunk, rising above 
the ground in a manner analogous to the trunks of Palms (fig. 29). 

'J'he rhir.onie.s of the herbaceous kinds are subterranean, and grow 
either hori/onlallv or vertically. In the former the internodes are^ither 
developed or undeveloped; when they are developed, the leaves arise 
singly from the ground, ns in the common llrnke-feru tlien's) and 1‘oly- 
jtodium rnlyare (tig. 4o6, when the interuodes are undeveloped, llie 
leaves are tufted, which is aUvavs the case when the rhizome is erect, as 
in Aihyrium Fili.r-firmiaa ; and the arbore.scent kinds likewise exhibit 
the tufted growth of the leaves from a terminal bud, with little develop¬ 
ment of the internodes. ’J’he rhizomntous stems freciuently branch, in 
which 0 , 1^0 the stem bifurcates, us in the I.ycopodiaceie. 

'I'he leave.s of Ihe Ferns re.semble those of the Phanerogamia in their es¬ 
sential structure ; they are very remarkable for their multifold compound 
forms. The venation or ribbing e.xhibits a Jjeculiarity, the ramiticatioii 
of the veins in the laminro being on a bifurcated phui (tig. 458, b, d), and 
the subdivisions retaining an equal .size. The leaves are also characterized 
by the circinate vernation *(§ f 1‘f) w'hich is almost universal in the OMer, 
the only exception being found in the Ophioylosseie. 

The fructification or Bporiferoiw apparatus of the Ferfts is produced U'pon 
the leaves; and it presents a great variety of iiKHlifications, which Serve to 
characterize the pnncipal subdivisions of the Order. The gwres are formed 

T 5 


Tribe 7 . Ossiunde.*;. Sporanyes 
stalked, dorsal, or arramjed on pinnee 
assuminy a spiked or paniculate aspect 
from the. absence of parenchyma be¬ 
tween the reins; annulus incomplete, 
dorsal; dehiscence across the vertex. 
Osmunda, L. 

Todca, IVilld. 

Tribe 8. M.vnATTiE.i:. Sporanyes 
free, closely packed in two rows, or in 
a circle, or soldered toyether so as to 
resemble u many-cellcd capsule, each 
cell openiny by a jjorc ; annidus none. 
Augiopteris, Iloffm. 

Marattia, 
riauaja, Sm. 

Tribe 9. Ophioolosseai. Leaves 
not circinate; sporanyes tl-valved, on 
the sides of a spike or scape, which is 
simqdc or branched; annuiui mne. 
Ophioglo.ssum, L. 

Jiotiychium, Swartz, 
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in spore-cases or aporanpes, little membranous sacs attached by a pedicle 
to the lower surfiico of the leaf (fig. 468, h, c, i, or to n kind of 
skeleton of the leaf in which the parenchyma i.s suppre-s-si'd (o'). These 
spore-cases differ in some essential particulars of structure, in the mode of 
attachment, and in their relations to each other. 


Fig. 468. 



Orpmiration of F«TnB:— «, plant of Vol^potVnm rulijnre; h, frngni**nt of a pinna with rnk<‘d 
JW'i; TfTtioal seotion throtigh i )! h * of th(* sori, Mhowinn thi* nftn« hriiFnt of th** B)«>rnnco« 
tothrivaf: //.portion of a ptniynlv JjfiMfrreu thi* nori ro\*Tf<l with imlufui; 

e, Tt*rtiiitl Sfction throujjh a »orn<^ of th»* wini<>, showing th«‘ atta/*hin«*nt tif fh»* itnliutiuni 
an»l spor.inj;**^; v«*rtifal so/tion of u /’np-sliHiH'il indutiuiu and Ht/riH <ii' C,/itfh*>n ; 7 , mar- 
gina) of Hyin^noph^lhun ; A, th^ HaitH*. ^\ith ■'■no valvt* rt »n/>v/-d. to show tlu* jittach- 

ment of tin* sporangi*«; i, ajiorang/* of Polifpoilivut hur.««finff: k, «por ing/‘ of 
phyUuni; /. ajiorang/* of Srhiz'Hi'. in, group of aporangra (>( Morteunui \ /i. sp»»raugf of 
Otmutuln; n, porti/)n of th<* fiTtih* lorn* of th«* frond of liotryvhium Ijunana^ willi th/! 
iporangFfl burst; p, spores of F«*rns. 

In mo.st of the Filices the spore-ca.ses po.sspss an annulus or ring 
(fig. 468, 1 ), an incomplete ring of thickened cells running round the 
sac, and assisting, by its coy traction when drv, to rupture the sac and set 
free the spores. In the 7V(//«)f/(Vrr- and other tribes it is vertical (fig. 
458, in the Hymenophi/lle<r the ring is oblique and unconnecteil with 
the basal pedicle (k) :<in tlie GhtchmuYe the ring is horizontal (vi ); and 
in the fSchizteeee it forms a kind of cap with radiating stritc on the top of 
the spore-case (1) ; in Ommndfx/- the ring is broad, but imperfectly de- 
velopeS (n), while in Marattiete and Ophioglos.seio (o) it is absent alto- 
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In most of tho tril)es the spore-eases are distinct from one another, hut 
collected in pri'onps (wn) ot various forms, round, linear, &c. (tipr. 4o8, 
h, c), on the lower surface of ordinary leaves, or of leaves especially de¬ 
voted to the fructification and modified in form and texture. The tori 
are either tmkvd (h, c), or covered by a ineinbranous cover or inrlmitim 
{(!, e), the forms and inodes of attachment of which funiish systematic 
characters. In tlio Jlarattieio the spore-cases are usually more or less 
coherent tofrether, so ns to form a false compoend multilocular sporange. 
In the the sporanpes arc' attached to little columns formed 

by the production of the ribs beyonil tlio marnrins of the leaves ({/, h), 
bi'cominp at the same time enclosed in cup-like receptacles formed from 
the innrpins of the leaf. In the Ophioirlossem a portion of the leaf is 
transformed into a simple or compouml spike-like process, covered with 
tree spore-cases destitute of a rinc-,and splitting regularly to discharge the 
spores (»). 

The tjtorcs are simple cells of microscopic dimensions, furnished, like 
pollen-grains, with a double coat, the outer of which is generally similarlj’' 
marked with papilhe, reticulations (]>}, S:c. 

The term “ flowering” fern is erroneously applied to those Icinds in which 
tlie fertile leaves or lobes are destitute of ]>arenchymu, and thus resemble 
superficially the spadices of I’hanerogamia, as OmiiHiuhi, L’otryhium, 
()/t/iiot/httnm, &c. 

The arbori'sceiit 'Ferns belong to tin' l’oh"pndiea' and CyatheeiB, and differ 
only in habit and dimensions from the more familiar forms. 

Ferns arc somotinu's reproduced by bu<ls, analogous to bulbils, formed 
on different parts of their structure, and sometimes at the points of the 
leave.?. 

Various attempts have been made to exjilain the moi-phologj’ of the 
sporang(>s, or thrno, and the iiidutiitit). ^\ c believi' the latter must be 
regarded as a ]iroduct of the lower epidermal layer of the leaf; and the 
sporaiiges arc donl)tle.s.s, like the anthers on the surface of the male scales 
of Ci/mx, devclopimmts of tlie parenchvnmtons structure, which scarcely 
ailmit of comparison with tho proper appendieular organs of stems. Some 
authors, hinvever, describe the leaves or “ fronds " of Ferns as branches; 
and thi ll the .soc/admit of being regarded as develojied from leaf-buds, tho 
loaves of which become spomnges (clustered together like the spines in 
the alxirtivo buds of Cactacete). 

AiSnUics, Ac,—The Filices constitute vm'v large and natural group of 
Crvittogammis plants which have uo very clnsi> relations, a.s regnnls 
general structure: hut the Opliioglosseie seem to form a link between 
Osnmmlvff and Lycopodiaceie. .Vs regards the physiological pr0ces.«e3 
oci'urriiig in reproduction, thi.s Order must be classed with tfie hkjui- 
sotacene, notwithstanding the great diversity of habit, which, as a whole, 
may he, expressed by saying that the loaf preiUmiimdes in the I'Vrus and 
the stem in the llor.se-tails. \ 

Tho Ophtofllomrc depart importantly from the general characters, both 
in their foliage and their reproduetive organs; to the form of the latter 
there is an a'pproach in Marattieie, and perhaps w(* may admit that the 
sporaugo.s of thl.s Order are really like tliose of l.vcopodiacea': the de¬ 
velopment of tho young spores appears to agree, however, with ^lot of 
tho Ferns and Equisetncene, which ts on a totally different plan from that 
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of Lvcopodieie. Opliiofrlossacefe are aparintrly represented in Europe 
and ^Corth America, the West Indies, at the Cape, ’ras'mania, ^:c., but are 
most abundant in tlie Indian islands. They seem to be without active 
pnmerties. 

Tile Mariitfifcr, by tlie absence of the annulus and the frrouping of the 
sporan^es, appear to stand between the Polypodietc and tlie Ophio- 
^losseie. 

The Ferns of temperate climates in the northern hemisphere are herbs; 
in the islands of the tropics and th(> south tmnperate latitudes arborescent 
forms occur having the habit of rulms. The Kerns are universallv dis¬ 
tributed—more abundantly, however, in damp, mild climates, which favour 
the development of foliage. Some of them have active pro])erties, as- 
tringencv. anthelmintie and emetic qualilies, Ac., but tiiev are of little 
importance; the rhizomes of I'terin Ac., and the stocks of some arbo¬ 
rescent kiniLs, atl'onl a poor nutriment, used by the aborigines of the .South- 
Sea Islands and elsewliere in times of .scarcity. It need scarcely he men¬ 
tioned that tills is the favourite Order of ('rvptogainia amone' cultivator.s 
of plants. 


CLA.S.S III. AXOGAMIA. 

o.'IG, Angiosporousf Flowcrlc.ss plnnts, producing unthoridia and 
archegonia in tlie n.vils of their leaves or in jiroper buds, the fer¬ 
tilized arehegonia giving birth to sporangus tilled with rspiinerou.s 
spore.s, all reproducing the plant. 

This title is applied to the Mos.ses ami l.ivenv'orts on account of the de¬ 
velopment of the and uiit/n rifli/i upon the perfeet leafy plains, 

the fertilization of the arehegonia being followed here bv the development 
of the fruit containing the spore.s. Ikitli groups exhibit a peculiar iiuMle 
of germination, tiie spore being' de\eloped into a bninclicj confervoid 
filament, upon which leaf-buds appear, g'-rnwing up into leafy sli-iu.s, 
bearing antlieridia and arcliegoiiia and .siib.-Kspieutly ca))sular spornng’'es; 
so that the jierfect plant of a .Moss con'esponds to the heart-shaped Mur- 
c/ma/m-like e.xpaiision of the prothallus of I'erns on which the antlieridia 
and pistillidia are produced. 


. OUDER CLXVIII. BRYACK/E. Mos.ses. 

CUm. .Musci; Ewll. AU. 3Iu.scnle,s, Lindl. 

537. DMffnosis. —(Fig. 4,jl).) Mos.sc.s. of cm.spitoso or diffu.scd 
creeping habit, terresWiftl or aijualic, with u.sually spinilly imbri¬ 
cated leaves, and ura-sliaped ,s]K)riinge.s, terminal {(icrncnrponn), or on 
the ends of short lateral branches (rhuloaiipmiA), or from the axils of 
leaves (jihuroearponx), usually raised on a seta (fig. 450, a), covered 
at first by a cahjplra (d), ultimately naked, then bursting (rarely) 
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irrcfftilnrly, or by the separation of a lid (operculum, f), leaving the 
tree margin of tlie eapsulc naked (gymnostomous) or fringed by a 
single or donhle row of teeth (perisiome, e, h), whose number is a 
]»()\ver of fonr, and wliich arc free or combined by lateral processes ; 
sj)orangC8 with a central columella (o') and no elaters. 


riiaspum, L. 
(hinmiia, Ehrh. 
'retmnlns, TIedw. 
Spliicliimin, L. 
llicramini, Unite. 


iT.LL’STnATIVK GKXnifA. 


Tricliostonium, Ilcdxc. 
Ikicalypta, Jlcdw. 
Ih'vnm, T,. 
liurtrnniia, llcdtc. 


Fiinaria, Hedw. 
I’olytrichum, L. 
Ilypnuni, L. 
Fontinnlis, L. 


1 he flosses have threnil-like or wire-like stems, which are either simple 
or hrniuin'il; the formerure civet, . 

anil terminate in fruit,-; the latter ' 

gem-rally creep, and produce spo- 
raiiges from the lateral shoots. 

'I'lieh-avcsare-niall and .«cale-like 
tliongh green; mostly spirally ar¬ 
ranged, but in one tribe, the iti/po- 
jilfri/ginf. they somewhat resem- 
lile thosu of Jiingermanninceie. 

The leaves concerned in the for¬ 
mation'of the fruit-buds i/uri- 
f/ifitial Iniirn) are often modified 
in form, and eoni-spoml to the 
liract.-. The iiiiilicndia and tir- 
chcyouiti are jirodui-ed either in 
terminal buds or in the a.^ils of 
.-tem-leave.-. togellier or se]ia- 
rati ly,and often in distinct plants. 

From tin- arehegonium, the outer 
]iart of which is a fla,-k-shaped 
membranous ,sne, arises the spn- 
raitijc or //(ccOjW'hich in its growth 
tears away the wall of the arehe- 
gouinin,lenvingf the ba.se a.s a kind 
of collar (vdt/i/iiile, fign -lolt, r), 
and canying away the upper )>aj't, which becomes more developed, a.s a 
cap or hood (rulyptrii, il ): this more or les.s encloses the nm-shnped .spore- 
case until it i.s mature (fig. foft. A); the snornngi- is either stalked or 
s(;ssile ; its stalk is called the sc/n. When tlVt- calyptrafalls off. it exjioaes 
the epornnyv or cnpstde (fj), which in most cases has a decidtiotis lid (o/tcr- 
ctditm, f) : when the lid falls off, the border IS/t the mouth of the capsule 
is found either naked or furnished with a single or double fringe of teeth 
{lirri»tonw,e,li); and a circular piece, called thi*aiintdii.<t, sometimes sepa¬ 
rates from the end of the (vluiiulla in this situation. The number of teeth 
in the peristome i.s either four or stmie midtipte of that number, os eight, 
sixteen, &c. A striking pieculiarity of the capsule of the Mosses b the 



Orjiani/Aitiou »>!' Mo: 
iittUiral si/.f: h, it?* 


A, Pi iift/'irhum ofoidf-, 
uU*. with ojttTi'wlum iu 


fifu, fuitl tho Hat*** of 

thf Mta, with ihf ^ajinuiK*: e. oopsulo, with 
pt-ristand, r',a ^viionof t!\v sanvo, ^howinc 
thi* t‘t»luuu'Ha; f. tho oomnUntu of <•; fc, twtn 
of thopvritsltHuo,from tlion^outh otV: (ijtorfft, 
ott tho nuno* of iimpUflcHtion h. 
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existence of the columella, or stalk-like process runniii" up the centre of 
the cavity of the sporange (<■'). In what are called•Astmuuus .Mosses 
there is no deciduous operculum, and in Pha.irnm the capsule bursts ir- 
regularlv; the columella is sometimes absorbed hero, while the spores are 
ripeninir: in Andnea the sporan^e opens by four lateral slits, the valves 
remaininpr attached at the top. The spor<\s of the .Mosses are simple 
double-coated cells, like pollen-orains; tney occur alone, and never ac¬ 
companied by filamentous Ixidies. 

The .Mosses often produce ^emmm or reproductive leaf-buds nniilop:oua 
to the bulbil.s of rhaneros-amia : they occur both on the stems and on the 
leaves. They form frequently also simall eonfervoid tilaments at the hnse 
of the stem from which pri'nidia-likc bodies separate ; and, accordin;r to 
Itr. Unwtnn Ilieks, xoospoo's like those of Alu-ic are formed from the 
chlorophyll-utrieles of these tilaments. 

Afflnltlea, Ac.—The charaeters Cf the antheridia and archefronia, the 
sexual reproductive oryaiis of Mosses which yive rise totlie fruit,arenoticed 
above; their moile of occiinvnce enters into modem deseriptions t)f fjeiiera 
and species. The Bri’aeeie. as limited in tlie above diairuosis, arc closelv 
related to -Andrieacea? and Sphiifrnueea', commonly included amonc true 
Mosses: the former Order connects them witli llepntiea'. but the allinities 
of Sphm/niim beyond Ilrvacea.' are oU'Cure. The .Slosses have no distinct 
affinities with any Crvptoa'amons Class except the llepaticic. The Hrv- 
acete are numerous, and present a yreat \ ariety ofstructnre verv interestiiifr 
to miiTOscopi.sts; they are :;eneraliy ditliiseil, most common in temperate 
climates; and their chief iinporianee, perhaps, arises from their keepinjr, 
with the Lichens, tilt'sout])o.'ts of vejrelution, at the Poles, on mountains, 
or on barren rocks. 


Order CLXIX. SPILVOXACTaT:. Boo-Mosses. 

C/ns-s. Mu.«o\, Endl. All. Aluscales, Limll. 

•' 5 . 3 s. Difu/no/tif .—.Aquatic or hofr-Mosses, of peculiar vellowish-arcen 
aspect, with spirally imbricated (o-rowed) leaves and fa.s<'ieulale hraiiches, 
the lower of which are lonj and detlexed, while one of the upper is. in 
fruitinar plants, replaced by a sporanu'e, wi:h a slio.-t turbinate seta, de- 
hiycin;? by an operculum, (iestltute of a peristome, and possessing a short 
coltuneUa and no elaters among the spore-s. 

'y 

It.LUSTn.VTIVE (tK.VVS. 

.S^hacTium, Dil/t-n. 

" rrv. I 

AflnitiM, *c.—This genus difb-rs verv niiicli froiu the Brvacetr in 
habit and in the structure M its leates. which are well-known as enriona 
microscopic objects, the chloroplivll-bearinu- cells lieing sh'iider and 
elongatea, connected in a kind of network in the interstices lietween large 
empty colls, whtise walls are Htrensftheiied by a spiral tibre ; this structure 
causes the whitish or yellowish-green colour jyjculiar to lliom and a few 
other similarl; organic Mosses. In addition to the fasdculate mode of 
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branehinp: (^roally formnd by suroessive membera of a spiral series),.the 
Spfmi/tm have aiilheridia like those of Jimyennannia, globose stalked 
bodif's, and not sessile tubiiliir sacs. There appears, moreover, to be some 
peculiarity in tlieir sjiores, since they have been observed to oacur. in some 
cases of more than the ordiiiarv size, and fnwor of them in a capsule. 
This Order is not a little remarkabhi for the .share which it take.s in 
Covering hoes and {rradually fnrnisliiiig material for peat, the lower 
parts of tlie .stems continiiallv dying away below while the sujnmit 
ascends : the descending lower iiranehes of the fascicles, which appear to 
sill)])]}' the place of roots h(‘re, bind the whole into a compact mass. They 
abound in cold and tenipei'ate clinifites iii bog'gj’ plnce.s, furnishing an 
article of food to animals, and even to man in northern regions. 


OiinttK CLXX. AXDli.EACE/E. Split-Mosses. 

C'hnx, Mnsci, A//. Muscalcs, 

o;!0. J)>iii/)inxlx. —t'tpspitose Mosses, with erect .stems, imbricated leaves, 
and terminal fruit, the capsules destitute of a seta f.«c.ssile on the receptacle 
where till' vagiimic arises), bursting vt'rtic.illy into four valvc.s which 
remain connected at the apev, po.sse.ssing a central columella and spores 
not ftii.ved with elaters. 


II.I.VSTtl.VTIVE CtEXERA. 

Andraea, 7i//r, | Acrochisma, ITook.Jil. 

Affluittes, be.— An'ocfiixmn, a genus from the Antarctic rearions, has 
the valves .separated only halfway down, thus connecting thi.s Order with 
tlie Vhi'xmr among the llryncea', in wlii(dl Archidinnu like Aiuii-fea, does 
not elevate the sporamre on a seta, but <'nrries \ip the calyptra simply by 
exp.'ui.sion of the capsule: on the other hand, the 4-valvcd dehiscence 
ngrees with that of the.Iungermanniacea', where, however, with other leiis 
important peculiarities, we have no columella, but elaters mixed witli 
their spores. The species are native of mountains and polar latitudes. 


Order CLXXI. .TUNGERAIANNIACE^E. Scale-M^ses. 

Clasti. Ilepaticre, All. Muscales, Lindl, 

.o40. Dinynn.xix .—Minute creeping plants \rith smalE'gTeen cellular 
fscale-like) leaves, imhrieately arranged along the axis in two rows, often 
with a row of imperfect leaves (nnipliiyaxtria, fiV- 4ti0, rf) on the under- 
.side: or with the stem thnlloid, f. c. fonning a lobcnl leaf-like mass. The 
sporanges are oval capsules brt'aking tliroiiffh the summit of the calyptra, 
rai.sod on a thread-like seta, and splitting verticallv when ripe into 4 
valves, which separate more or les.« widely into the fomi of a crosa (fig, 
400, n), scattering spores mixed with elaisis, destitute of a columedla. 
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IixusTitATivE Genera. 

Metzgeria, Badd. Frullania, Xees. Geocaly.Y, Bees. 

Iflasia, itjivh. Triehocoloa, Nees. J ungcrmanniii, DHL 


The .Tungernianniacero (or foliaceous lleimfioie as they have been 
ti'rmed) have slender ramified creeping steins like those of brnuclied 
Mosses, being more delicate, with 

leaves imbricated in a distichous Fig. 4()0. 

manner, so a.s to give a flattened * , 

character to the branches (fig. 4(K), c X. j 

15. d). The antheridta and archetjn- 

Ilia are produced on these stems; and 5 j 4 

from the lat ter are developed tlie fpa- T 

range*^ which are surrounded at the " Cn ’ 

base by modified/)eri(7i(r/a//and;}cr/- B kJ 

(/o«in/leaves, and by a riigiuiilr (tig. 

460, B, a), which ditt’ers from that M 

of the Mosses in lieing the entire sac 

of the archegoninra, no hooded ca- ~ yvr ^ 

lyptra being carries! up in the .Inn- /s 

gerraanniacem. The rm/tV/H/c is .some- ^ 

times called ca!>//>fra, and sometimes 

epiyone; the circle of leaves, often 

confluent, surrounding it, form the 

periijoM, perianth, or ini'nlmcl : and 

these are surrounded by the peviehr- Ori{nnii!.stiiinof.Iiini!.‘nnivnninci.(r:—It. 
tinl leari'K, piTieha-tinni, or inro/urre. with an jinoiti ij...! •uni s lmr«t 

, It 1 1 t'ttiwiilf: tt, till'rrt-imilf; ft. the If'ir.t .■.iifiiie*. 

The capsules .are generally elevateil f,.p,.r..s»iui..ut..rs; rr.i-iii,..,t 

on thread-like .stalks I ■icfi’ci.arid wlmn "i;- lesfy iit..m tif j,, ,iifr„ur,ai„ 


mature split nearly or quite to the 
ba.«e into four teeth (tig. 4t)(). h\, 

which spread out mort; or less and .sot free the spnnx and ehittr-i (c). Then 
is no columella. 


AfSnlties, &e. —The genera of tliis Order, formed out of the old genus 
Jmiyermunnia, present a cousidenihle variety of conditions, both a.- re¬ 
gards their vegetative .structure, wiiich is either fnmdo.se or fiiliaceoiis, 
and the minute details the orgaiiizatimi of tlie '-alyptni (e/nynne), with 
the invotueel {perianth or piriyoitr) and the inrohterr (perirturtiam) 
which .surround it. They approacli the Mosse.s tlirough .Viidneace.'o; 
with which Anthoreros i.s .still inon* nearly allied in the })o.sse.ssioii of a 
columella ; but we have here a higher conilition of the vegetative org<*0'', 
nearer that of Jlosses. TheJungerinanniacefe are, found iii .sliady woikIs, 
and moist sitnatiou.s, throughout all regions of the gbtbe, mo.st abundant 
in damp tropical wood.s. /They have no important qualities. 


(Anthoceiioten! are*distingiii.shed from the frondose forin.s of Jun- 
germanniacese by the absence of an involucel (perlyoneU TIo! anlhiridia 
and archeyania are pr/Kluced in ciivities excavated in the thalloid su-in; 
and fifom th^ archegoniiim springs a thread-like or pod-like captide, Vtiich 
splits down longitudinally into two valve.s when ripe, anti displays a 
central coUtmdia, and has ooth spores and imperfect elaters.) 
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Ordkr CLXXIT. MARCHANTIACEiE. Liverworts. 


CluHH. II«patic! 0 , Endl. All. Muscales, Lindl. 

5-tl. Dun/noKiK. —(Fifr. ‘Kil.) Minute green plants, with a stem in the 
iorm of tt lobed, leaf-liki>, eellulnr expansion, j. otiug by capillary fila¬ 
ments below, with an indistinct ini<iril); the sporanges depending from 
the underside of a capitate or radiate receptacle supported on a stalk 
arising Iroin the apex, on the under surface, of the lobes of the frond; 
the sjairang-es bursting by teeth or irregular fissures, containing elaters 
mixed with tlie spores, but no columella. 


11.1.1KTHATIVK G EXERA. 

Figntclla, Itadd. | I’liig'ioeliasma, Lehm. j Marchautia, March. 

The Tballoid Ilepatiea; have a broad, more Fig. 401. 

or less succulent, lobcd, leaf-lilo- expansion in 
place of stem and b-af (tig. 4(!1): this is to be 
r(‘garded .as a foliaceously developed stem analo¬ 
gous to that of Lriiiiia among tin- I’hanerogamia. 

The fruits borne by the tballoid forms an* very 
varied : the Pilllctc, or frondo.se .Iungermanniuc(“ic, 
bear capsules like those ju.st descrilied, but arising 
from till' midrib.sof tin' tballoid stem; the Antho- 
cerolea', Ilicciea’, and -Mari'hantiaceio are very 
dillerent. 

Tin? tballoid expansion of the !Marchnntiacea! 
sends up stalk-like processes from its marginal 
sinu.se.s (tig-. 4(il, .\ ), tenuiuatiug: in simple or 
divided cap-sba])ed bodies (rcccp/nc/os), on the 
underside of which are fonwl the an-hci/oiiia-, 
the atdhrridia are in distinct heads; the arche- 
gonia dev elope inU> Kjtiiniui/i s or ciinsides (b ), which 
usuallv btirst at the a]>ex (rl into four teeth, some¬ 
times into eight ; in certain genera a lid separates Orpoiiintion of Mantianti- 
by transverse dehiscence, and in others the spo- Jfnrrfcoitiupo- 

rang-e bur.sts irregularly : the spornnge has no aolu- 
iiiclla, and its it/mri\i are mi.xed with vlaierK (c/). 

The llepaticu! produco cellular bulbils or geni- 
mn?. These are especially remarkable in soute of 
the thidloid forms, as in Marchautia, where .they 
are developed in groups in special cup-like rtjjep- 
tacles. . 

AfBnitle*, * 0 .—This Order is especially characterized by the e.xistence 
of a stidked “ receptacle” bvtaring the reproductive organs, which, unlike 
th(' stalked sporange.s of the allied Orders, is not a pnaluet of the arehe- 
g?mio, but preexists and bears these, distinct receptacles being produced 
for tho antheridia. The sporange.s, with the calyntra, involucel, &o., 
are formed in groups from a numiWr of archegonia,'developed on the re- 



/yworjfAt;. iK'nriiiy n mvp- 
t«cK* of fruit ; vertiivil 
8iKtion of tho ntontnolt*, 
iithowinf' tho f]K>ninge8 on 
its imdor tuirfaoo; o. 
rnngo Lmr^ting. vtirh its 
Ysginulo nnd {'lorigono laid 
o^wn: </, sport*# and rlator 
highly maginflod. 
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ceptacles: this structure djstiiiiruishcs Marchmitinoero ut once from Jun- 
^rmanniaceip, and from the frondose Itiociace®, which have the spornnf'cs 
immersed in the ftoiid and devoid of involucres. The MorchantiaceiB 
grrow in damp shady situations, oecurriiijr in all climates. 


(Ricoiaceab are inconspicuous Marchaiititi-ViVa Liverworts, growing 
in mud or floating on water, hai iiig n delicate cellular leaf-like “ frond,' 
with the sporanges, without an iiivolucel or involucre, iuimerseil in or 
sessile on the frond, bursting irreiridarly, and containing no elaters. The 
antheridia and archegonia are also imbedded in the substance of the 
thalloid stem. From .VnthoeeroteiB they differ in the absence of a 
columella and of rudimentary elaters. Tiny are interesting ns exhibiting 
theTowe.st type of organization in the Class to wltieh they belong. They 
are generally diffused, eomprisingS genera, with about 28 .speeie.s. ( lenera : 
IticcUi, Micii.; Duruca, B. and Mont.; Sph«‘iocarpus, Mieh.) 


Ohder CLXXIII. CH.VU.VCK.E, 

Class. Algw, Eudl. Alt. .^Igalcs, Litvll. 

o42. Diaffnms. —\Vatcr-plHtits Iwving verticillately branebed stems, 
rooting more or lea.< at the joints; tin' sti'm.s (tither simple tiila's, or with 
the central tube clothed by a cortical stratum of smaller tulxis which grow 
over the intemixles from the top and bottom ainl meet .«o ns to envelope 
it. Reproductive organs of two kinds, found on the whorls of branches 
(1) axillarv oval sporangia consisting chii-fly of a central cell 

with a cortex of spirallv wound tubes ending in a crown of teeth above; 
and (2( little globidar antberidl.a (///o//»/e.s), .sessile on the branches, 
bursting when mature into tritittg-nlar valves, the centre of each valve 
bearing a stalk whence arise microseopie. jointed, eonfervoid filaments, 
each joint of which give.s birth to a 2-eiliafed filamentous .spermatozoid. 
The nucules fall off, germinate, and produce new plants. 

rLLf.STlIATlVK fJn.VEBA. 

Cbart), L. j Xitella, Aff. 

Allbiitlea, * 0 . —Tlic true relations of this very interesting grotip of 
plants form a subject of debate among botanists: as regards the ovcrjini- 
zation of the sfcm.s, they do not rise above the condition met with in 
Polifittphimia, or even Uatrdrhiisiisrniuin, among' undoubted Algae. fJn the 
Other hand, their vegetative structure ha.s the power of reproducing the 
plants by bulbils developed on a far hig'her tv'jie than the oniiniin' 
cellular gemnue of the lower plants; furtln'r, the presence of di.stiuctly 
formed roots growing from th*; nodi-s seems to show that they are. really 
Cormophyt^ in which, possibly, the leaves are represented by the corti¬ 
cal fliamen^of C'hara. From the organization of the rttprodnetive organ.s 
taken algtte, little hesitation can be felt in aasuciating the Characeai 
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witli tlip Vasoiilnp Cryptop'amfi, tlie spermatozoids of which ore exactly 
i'r>prer>oi)ted in the products of the prlohules, while this form of the fcrtl- 
liziiiff strueture does not exist in the Thallophytes; and the ‘‘ nucule ” 
must he re‘rarde<i ns a repi-esentative of the nrchep:oninm of the Mosses 
See. (see Physiology). The ('hura- f^row in stajifnaut water, fre.«h or salt; 
and many of tlnun nerjuire a dull aspect and hrittle texture by becoming' 
incrn.sted with carbonate of lime, apparently precipitated from calcareous 
matter in the water, sinci' it is often deficient in cnl'.i' ated .specimens. The 
nninci'usted kinds, the simple tubes of KiUthi, and the voung shoots gene¬ 
rally are well known as olijects disjdaying in a beautiful manner the rota¬ 
tion ot the cell-s.np, which takes phice in every part of these plants. The 
aliunilant prolopiusmic ceil-contents cause these, plants to give olf a very 
oth'iisive odour when decaying. The speci(‘s occur all over the world, 
most commonly in temperate climates. Thej’ have no known u.ses, and are 
regarded a.« noxious from their smell wlnui undergoing decomposition. 


Drvisiox II. Gymnospora (Thailophyta). 

fi HI. Crypt ogainons jiluiits prodiiciiig in vegetation a thallns, pre¬ 
senting no ojiposition of useending ami deseending a.xis, or eontrast 
of st<’in !ind leaf; antliiTozoids never sjural; rejtrodueed by spores 
which are ])rodtu'e(I in parent cells, either forming ])art of the vege- 
tiiting thallns or growing n]ion the surface' of detiiiite regions of the 
thallns ilevoted to reproduction. S])ores not producing a prothalhis, 
hut reiiroilueing the [dant immediately. 

Theseijdants correspond to the Thallogcns of nio.st authors; their prin- 
ei])nl jMHiits of distiuctioii from .\iieiosi)orou.s ('rvptognms are atiove 
g-iveii. The veg-ctatiw' slrocturcs of the plants of this group, which form 
tlicir priiici]'al hood of coimi'vion one with another, and their most 
striking character of ilislinction from the higher plants, pre.sent a great 
varietv of eonditions within their own limit.s. The thallux is a purely 
cellular expansion, presenting no eontrast of parts nnnlogons to that 
between the axis (stem) and the aitpendagos (leaves and their modiliea- 
tions). whitdi exists in the higher plant.'t hence they are iiece.s.sarily 
devoiii of trtie buds. A special regiilaritv, hoxvever, and a determinate 
direction of growth are inatiifestcd more or le.ss clearly in all cases, giving 
di'liiiite and charaeteristie forms to the thaUiif. This is the ease even 
when the tlialhi.s is rediiood to the eoiiditionVtf niiero,scopie tihnnents, 
which elongatt' and .spread in determinate directjx'ns. 

The (lnillii.i is exclusively eompe.sed of cellnlM tissue; and its more 
minute differences in the various cll*>se.s and fantilies of fhi.s division of 
the Vegetable Kingdom rt-rjuire miero.scopic inveatigntion: hut certain 
broad disthu'tions may be laid doxvn, sufficient fot the general discrimi¬ 
nation of the cln-ases in the more perfect form.s. The lower ferni.s of the 
three elti-ssea of Thallophyla approach very closely hi their characteia, on 
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account of their great simplicity of organization,, which excludes the 
possibility of many dilTerential cHaracters. 

Fig. 402. 



—A. OnciUaioria atUumnnU*'. a, Hlnmcnt cwnpiMl from th»* sheath, ^ (niQjrn, .100 f!m- 
Tnet«*rs>. B. De*ntidie<e //, Pfilitmtruin linrininu/ti \ ft, Cotmuirium mar^nrit^t^ruut 
diam.): c, Clo«ttriwn Lunula (W diam.)- Clonti'riuin aceroifitm in oonjumttion, with th*; 
r*;aultiug wpore (200 iUaia.)« iJuifomare^t : u, Ijuihma r«//7fir#>; ft. f*nu W^vk of a ft'll 
(200<liam.). D. Volcoeinect: Pandorhia MoAun (lUOdiam.). i5* Bolr^iiium ffranulatuiu 
(Ift diaoL). 

Class I. HYDROPHYTA or ALGyE. 

544. Gymnosporotis Cryptogams living in water or in damp places 
exposed to the light, extremely variable in size, form, colour, and 
texture, free or attached by root-like organs, sometimo.s unicellular, at 
other times having a branched pseudo-stem and leaf-like appendages, 
sometimes of large size, but exclusively cellular in structure and 
destitute of stomata. ^’I^nts multiplied bj’ subdivision of cells or 
by the formation of /“ zoospores.” Reproduction or formation of 
spores effected by the antherozoids emitted from the antheridia 
and sporanges, either on the same plant (monoecious) or on different 
ones (difecious). Spores motionless, solitary, or in groups of four 
in a single sporange. 

The most famifiar examples of this Class are the Seaweeds; but it also 
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includes a great number of plants found in fresh wafer and in damp situ¬ 
ations, many of which are tritogether of microscopic dimensions, and in¬ 
visible, except in (juautity, to the naked eye. 

The lowest fonhs, the IMmcl/ere, consist of simple cells, of most varied 
8 hui)ea, usually found connected together in definite or indefinite masses 
by gelatinous excretion or products of the decomposition of the older 
cells (fig. 40ij, 15,«), The individual cells, each often representing a dis¬ 
tinct plant, are characterized by a wonderful diversity and, in certain 
I'ainilie.s, b(^auty of form, as in the Desmidii'tt and Diafoinacca (ffg. 4(12,13, 
(.’); .sometimes, ns in the V’olvocineic, they are provided with vibratile 
cilia, and exhibit an active .spontaneous motion (fig. 462,1)). As a rule 
tln'ir colour i.s green, an important exception to this being’ fomed by' the 
l>iatutttape/r, which liave another special peculiarity .in the existence of a 
siliceous deposit in their Walls, which remains as an mde.structible skeleton 
after the decay of the organic matter of the plants. Some of these lower 
Alga“ are found of red colour; but in many eases, at least, this colour is 
only characteristic of certain stages of gifAvtb of kinds which are green 
^hen vegetating actively. It i.s very probable that most of these so-called 
unicellular or pseudo-unicollulnr .Vlgm are really not independent organ- 
i.sm.s, hut stago.s of growth of some otlier plant, perhaps of much higher 
.structure. 'I'bus there i.s reason to think that these niiicellular bodies 
may not only be stages in the development of Lichens, but even of Mosses 
(,«('e ]). 422). One l emarkuble point in their history is the length of time 
they will pewist unchangt d; but under altered circinnstances it would 
appear as if they wero dev eloped into Jjiehens or Moa.ses. 

A step forward ineomplexity of organization is made in the filamentous 
Algie, compost'd of evlindrical cells attached end to end, and thus forming 
long jointed tubt's, either simple or more or loss brniiclietl (tig. 4(i6, A, C); 
the ('oiifervoideto and their allies, the “ silk-weeds" of fivsliwater pools, 
all'ord familiar examples of this .struetiiro ; these grow at the extremity of 
the filaments, or inter.stitially by all the joiiit.s elongating simultaneously. 

The (VeecB have athalhi.s where growth in breadth is added to that in 
length ; souk; of them also acipiire a certain thiekuess; in this wav they 
become leaf-likc' expansions, ot iiienibrniious h'xture. They grow by ad- 
> ditioii.s all round the margin of the anterior part, often lobed or divided, 
but of homogeneous tissue throughout: the form and dimensions of the 
thallus beeoiue more or less definite here ; the colour is mostly green, as 
ill the Coufervoidea;. 

The lied Seaweeds or Khodo..iperme .'0 exhibit almost every possible 
form b(!t ween that of the branched filamentous thallusand that of a highly 
compound or dis.sected leaf (lig. 4(i;i A), or a shrub-like collection of linn 
branches; and moreover the texture of the thallus varies from a simply 
nienibranoiis to a eartilngiuous or even homy-substanee, oamsed hv greater 
development of the cellular tissu(>, wliieli in tie higher kinds exhibits a 
distinction het%veen the cortical or epideruinl laybr and the iutenial spongy 
parenchyma. The (.'oralliues, which belong to this group, acquire a stony 
character from the deposition ofcarboiintfe of lime in their cellular tissue. 
The colours vary in this Order; they are red, purple, brown, olive, Ac., 
but never pure green, like-the Confervoids. 

The Olive-coloured Seaweeds, including the Fueacero (of which the 
“Bladder-wrack” is the commonest example), and others of very different 
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orgauization, the Phreosporete and Dietyotacero, e:^hibit a similar grada¬ 
tion of form in the thalliis. The lower forms of Phasosporem present 
tufts of branched tilaments; the higher forms of these, and tlie Fiieacem, 
have thick leaf-like or stem-like iroiids of firm texture and sometimes 


enormous dimensions; many of them have a slirubby habit of growth, 
and attach themselves to stones &c. by discoid or branched expansions 
from the base, resembling superticially the roots of the higher plants, but 
having no similar function or Bnatomical cliaracter. The thallus of the 
larger fonus is liiglily developed as to its tissues, having a distinct cortical 
layer: but tlio structure is strictly cellular, without a trace of woody fibre 
or vascular elements. The colour is here usually olive, browu. or some 
dull tint of green-brown ; never bright green, as in the C'oufervoids. 

The reproduction of the Algaj takes plixa; in an almost inlinite diversity 
of modes, which can only be treated of very generally here, as many of 
them involve the necessity of a thorough knowledge of the elementary' 
structure of plants. These matters will be again referred to in the Phy¬ 
siological part of this work. V 

Vegetative rimroduction assumes a veiy impoi-tant place in the multi¬ 
plication of all Thallophyta. Throimhout tin- Algie it is a constant phe¬ 
nomenon, and one illustrating very beautifully the physiological homo¬ 
geneity of the thallus. 

The lowest forms multiply by dividing into a number of cells or gi-ains 
which grow up to the dimensions of the parent; this occurs as the ordi¬ 
nary mode of growth, here confounded with reproduction, in the Palmelkce 
(tig. 46i), 13, a, b), DesmiiUeoi, Diatomtiirfe ftig. 4(1:1), &c. 

In some of the unictllular Algte, as also in the Conftrvoidea:, a process 
called “conjugation’' occurs, which is bv some considered a sexual pro¬ 
cess, w'hile others look on it as a mere turni of bud-growth. Two cells 
come into proximity, a communiealioii is established from one to the 
other, the contents of the one mingle with those of the other, and form a 


spore (tig. 4(12,15, c/). 

But another still more remarkable form of vegetative reproduction 
extends from these up to the highest Algro, namely the reproduction by- 
zoospores. This consists in the conversion of the semifluid contents of 
individual cells (the endochrome) into distinct coqmscles, and the ex-* 
pulsion of these from the thallus by the bursting of the parent cell-mem¬ 
brane (firf. 4(1.5, C, d); these corpuscles are tilled with green or olive- 
coloured matter, except at one end, which L- provided with cilia and is 
sometimes spoken of as the “ rostrum.” The cilia are excessively minute, 
and vary in number in dilFerent genera; sometimes the whole surface 
of the zoospore is covered by' them. These zoospores are usually emitted 
at a fixed hour in the morning, as the result of an eudosmotic action which 
causes the cell-wall to burst abd set free the zoospores; sometimes before 
their liberation they are .seen to congregate in one portion of the cell, and, 
as it -were, to strike agaftst the cell-wall and cause its rupture. Their 
activity seems to be dlr(»ctly dependent on the influence of lifrht. After 
moving spontaneously for some time, the zoospores lo.se their cilia, become 
encysted, and grow up into new thalli. In some Alg», moreover, there 
are two sorts of zoospores—large one.s, called macrogmidia, and smaller 
ones, called mtcrogontdta. Pringsheim even describes a form of zoo.spore 
whicli has the faculty of remaining dormant for long periods, and even of 
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resisting desiccation for several montlis, at the expiration of which time, 
if circnnistances be favourable, it germinates and forms a new plant. To 
such zoospores the name of chrmiizuoiijmre has been given. The forma¬ 
tion of zoospores may take place in any or all of the cells of the lhallus 
of the lilamenlous and foliiieeous confervoid; it occura in certain definite 
parts of the thallua of the Pliaiosporete, where there is a diflerence in the 
constituent tLssuos. It has not oeen observed in the lied fcieaweeds or 
the Dictyotncea"—where, however, a distinct kind of organ is found, 
called a Utrtmpore (tig. 40:1, B, c), which appears to be the representative 
of gemniiparous reproduction,—nor in Fucaceaj, where the only' known 
kind of reproduction i.s by sexual organs. 

Sexual reproduction has Ixien made out clearly in Alg® belonging to 
the (.'onfervoid and Fucaceous groups, and recently in the llhodosperme®. 
The Fh.eosporeii', at present are only known to produce zoo!<pores. The 
essential phenomenon throughout is the emission from an anthcridium 
of antherozoids which are endowed with a power of locomotion, and 
jiltimately come into contact with a cell, which, in consequence, develop.s 
into a spore, which may be one of the ordinary colls of the thallus set 
apart for this purpo.se, or may be contained in a special fruit. 

In the Conforvoidwe, where the spores are developed from ordinary 
cells, there are no special reproductive organs ; the spoi-os formed in the 
impregn.ated cells acquire thick coats (lig. 4(55, A, c, d), usually assume a 
ri.ul or brown colour, and are set free by the decay of the parent cell. 

In the Fucacens the fructification is limited to definite parts of the 
thallus. lu Fucm or Ihdidnjs (tig. 4(54), which may be taken ns ex¬ 
amples, the reproductive striicturt's are formed at the ends of the lobes 
of the thallus. Externally tin* lobe (called the receptacle) presents a 
thickened appearance, marked with nuinerous distinct orifices (fig. 404, a); 
these ontice.s lead to chambers imbedded in the thickness of the thallus 
(culled eoiwepteieles, h), btuiringon tlndr walls cellular sacs of two kinds— 
one, the larger {spore-sacn, e), containing the spore-germs, the smaller 
(antlicridm, c) containing spenuatoMuh (d) or impregnating corpuscles; 
both kiud.s of sac burst and dischiu'ge their contents when ripe, and the 
spores are ferlilized and encysted while .swimming freely in the water. 

The Uhodo.spermea? and Dielvotacese, besiiles tetraspores, haVe spore- 
sacs and untheridia, mostlv collected in “ fruits ” of definite form, some¬ 
times in jratches or lines (sori) on the surface of the thallus, like the sori 
of Ferns, sometimes imbedded in definite groups in its substance (called 
faceUte), sometimes projecting more or less from the surface or margins 
of the thallus (fig. 4(5:1, 1), rf, E), when they are naked or surrounded by 
a gelatinous or cup-like involucre {favellidia, eoeeidia, ceraMuiui). The. 
anllteridia are asually found arranged in groups in similar situations 
(fig. 4(5.3, F, a) ; and the tetraspores are either scattered or collected in 
fruits analogous to those containing the spords and antheridia (fig. 4(5.3, 
B, c). The antherozoids are immobile, and fertilize the sporauge by 
means of a special tube projecting from the la^ter and called the trieho- 
gyne. Transformed branches containing imbedded tetnwspores are called 
siichidia. The sexual organs are often found on distinct plants, which are 
thus dioecious. 

Further details respecting the reproduction are reserved for the Phy¬ 
siological portion of tuis work. The definite characters of the Orders of 
Algse are subjoined. 
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645. Hairey divided tho Algnj into 3 groups, which he named, 
respectively, Chlorospernica) or green-sporod Algie, Melnno,sjK>rniea! 
or olivo-sporcd Algae, and ilhodospermwc or red-spored seaweed.^, 
the subdivisions being thus founded mainly on tho colour of tho 
spores. Deoaisne's classification nearly coincides ■with that of 
Harvey, so tar as tho limitation of the group is concerned : but it i.s 
formed on a more philosophical basis. As modified by Thurot, it 
stands thus:—Zoosporea?, with moveable spores; Aplosporeai, with 
green or brown motionless spores; Choristosporeie, with red motion¬ 
less spores developed in fours. 


Order CLXXIV. RHODOSPEmiE/E or FLORIDE.E. 
Red Seaweeds. 

C/asi. Alg;e, £ii(N. All. Algales, iMndl. 

546. Btaynosis. —(Fig. 463.) ilarine .Vlg.T, mostly of red, purple, 
rarely olive or browni.>ih colour, with a thallus either foliaceous or 
of branched filaments, .sometimes incrusted with carbonate of lijuc. 
Reproduced by sjiores (e) formed in special sporangia, which ore 


Fig. 46:3. 



OrsAiixatJon of Hhodoftptrmp*:—X Part of a thallus or from! of hnur^ma pinnalififia 
B. A. magnified frametit of a Icwule with atichidia contnining U'lraHpon»s like c, a mor« 
magnifira flgwe. P* lobule of the frond N’aring reraraidm or Mpore-eontH'^mdra: d, the 
• «no«^ B. Sporea ibom the aame, more magnified. F. Lobule of a frond bearifig anthe- 
ndia«0. 
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oithor Riiporfieial or plunged in the frond, and contained within 
Npociul cavities or ““conueptaeles ” (d) of varied form. The sporange 
is provided with a special tube, or “ tri-chogyne,” by means of which 
it is fertiliy,('d by the anthcrozoid ; accompanied by aniheridia (p), 
containing a single motionless anthcrozoid without cilia, and by tetra- 
spofcs (h, e), collections of 4 cells formed in special parent cells in * 
similar situations to those of the spores. 


Im.USTBATIVE GKNEnA. 


Subord. 1. IliionosiEi.E.t:. 
llhodoniela, Ayh. 
l’(>ly.si])honia, ( 
Subord. 2. Lai'ub.vcik.*, 
l.aiireiicia, Luinx. 

('hyloeludia, (irev. 
Subord. .'1. C()rai4,i.\f./E. 
('ornlliim, Toiinief. 
lMulobe,-;ia, Liwi.v. 
Subord. 4. i)Kt,nssKiUK.Ti. 
J.lele.ssei'ia, Liimx. 
I’locnuiium, (Irev. 


Subord. 1). Spn.T.nococcE.®. 
Ploearia, Ncee. 
Splnerococcus, Grev. 
Subord. (i. (Iryptoxemif..®. 
I’byllophora, Grev. 
(lliondrus, Grev. 

Subord. 7. Ukhamir.e. 

(’allitbaumion, I.ynyh, 
(iritlitli.sia, Ayh. 
C(“rumiuui, Adans. 
Subord. 8. PonpiiYHEjE. 
I’orphyra, Ayh. 


Afflnitios.—In spite of the varielit'S of form pre.sentpd in this Order, 
there i.s .so close an e.'i.sential agreement in their organization that they 
distinctly appear as luembers of one natural group, with ehameters whose 
value is only equivalent to that of .some of the subdivisions of the groups 
FiK'oidea' and t'ouforvoideaj of Harvey and others, with which they are 
iLsually placed parallel. The eharaeter of tlie .spores .seems tO'he the same 
throughout, although the fruits iu which they are contained offer several 
.successive iiegn es of complexity : i\w farelUe of Ceramiete, and tho/oiW- 
Udin of Vri/pf(»iemii(e, immer.sed or superliciat gnaips of spores suiTounded 
by a hyaline coat—the coecidia of iJe/eteorieo-, hollow cases with thick 
membranous walls, containing a deii.se tuft of .spores (u-isiug from a 
central peduncle—and the nraiuidiu of Poly.ii/ihuiiia &c,., ovate or um- 
sliaped Cii.se.s with thin and membi-anous walls. Inn ing a tuft of spores at 
the b.a.se—all these, are but slight niodifieatious of one (the conceptacular) 
kind of fruit, which produces the true spores. The various mwies of 
arrangement of the telrasfmre.*, wltieh appear from Pringslieiiu’s observa¬ 
tions to be yonidin, or geumiulary bodies, since they grow up at once into 
a new thalhts, while the other spores do not, the scatteivd orrangunient, 
the sort or detinite groups, and the ttichidia or nietamoryihosed branches 
enclosing tetraspores, liavo a like relation; and*an analogous relation runs 
tlirougli the modes of nnungemenl of the ani^rulia, which, it may be 
mentioned, are rarely found in the same individuals of the species as the 
spores. The aiithendia discharge minute spherical coi-puscies, to which 
tne best observers deny the power of active motion, ns is the case in 
regard to the epermnlia of Lichens aud Fwigi'; but they are generally 
supposed to have a fertilizing function (see Puysiology). The simpleT 
forms of thallus occumug in this Orderrelate it to UlveeeaxA Confervoviete, 



434 


STSTEIIATIC BOIAUr, 


while the existence of tetrasporcs, globular spores, and antheridin in the 
DictyotaceiB makes that Omer fonli a direct transition to the Fucaci'ie. 
The’mode of fertilization, by means of the antherozoids, and the tricho- 
gyne, is described under the head of Keproduction. 

Distribution. —The lied Seaweeds are generally difiiised, but diminish 
from warm temperate latitudes both to the equator and the poles. They 
' occur in deeper water than the Olivo Seaweeds, and below tide-marks, 
flourishing best in quiet bays. 

Qualities'and Uses. —The abundant gtdatinous or horny substance of 
the thallus of many kinds, composed of a inodiflcation of cellulose related 
to gum and starch, renders tliein nutritious; Chotulrus criiipiii is the 
“ Carrageen ” or Irish iloss; Jt/wili/nu /iin palmuta, Iridau cdiilis, and other 
plants of the Order vield a similar excellent jelly when boiled. l‘/ociin'ii 
ietiii.c is largely used by the Chinese for making glue. Some have pun¬ 
gent qualities, a.s Laurencia pinnatijidu, called “ Pepper-dulse.” I'loraria 
JIelminfhiMh<yrton, Corsican Moss. ha.s the reputation of being anthel¬ 
mintic. The CoruUutete, including coninion Coralline.s {Cond/imi ojfici- 
nalii) and “Xullipores’' long suppo^d to be of animal 

nature, are very curious on account of their complete interpenetration by 
carbonate of lime, giving them a brittle and sometimes stony character. 

I* 

(Dictyotack.I! are olive-coloured Seaweeds with a ennfinnons thnllus, 
bearing the reproductive organs in delinite groups or lines (nnri) upon 
the surface—the spores, tetrasporcs, and antheridia being all developed 
in an analogons manner from the cortical layer, bursting through its 
cuticular pellicle. This .small (Jrdcr is included by I)ecni.sm« in tlic 
Section I.aniinaricjc 'of the 'I'riiic Aplo.spnretn, but has been shown bv 
Thuret to be quite di.stincr from the other Olive-coloured .'^cAweeds: it is 
very interesting a.s prc.senting, in a .special condition, e.vactly similar 
spo're.s, tetraispores, mid antheridia to tbo.-e of the llhodosperincan which 
they thins connect with the Fucace.r, with which they agree in habit and 
were formerly condnnt d. They btbnig- ratln-r to warmer localities, and 
are more delicate tlum the I'ucaccm, sometimes, a.s in J^adiiia, exhibiting 
attiactivo colours. They are of no known use. (Jenera: iJirti/idu, I.amx.;, 
DkfyopUru, Lamx.; Taunia, J.Aijh. j Padinn, Adii/ts.) 


Order CLXXV. FUCACEJE. Sea-Wracks. 

ClasK. Algse, lind/. All. Algalcs, Ltitdl. 

547. Dittijnong. —(Fig. 4G4.) Olive-colonred Seaweeds of gtdati- 
notis, cartilnginotis, or hprriy texture, with a foliaci’ous or .shrub-like 
or cord-like thallu.s, atWchiiig itself to rock.s by a simjilc or lobed 
and ramified discoid bale; fnictiflcation in reetj^UuUs formed out of 
lobes of the fronds («), the external surface of which is pierced with 
orifices leading to chambers {conceptucleg, b) lined with filaments 
int&i^xed with upore-sncg («) or filamentous mUfuriitia (c), or both 
of these I the olive-coloured spores 4 or 8 in a sitore-sac, from which 
tiiey eMbpe when mature, and arc fertilized by the active 2-ciliated 
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corpuscular spormatozoids (d) after Fig. 464. 

they are detached from the parent. 

Ii.i,r.sTnATn^E Ctk.veea. 

.Sarga.«.suiii, Hiitnjih. 

Cvstoscira, Ayh. 

Ilftlidrvs, Lynyh. 

llimaiithalia, Lytiyb. 

I’ycnophyeiis, Ki/tz. 

Fucii-s, L. 

Affinities. —Some oftlic filaments lining 
the cunce])tacles become, after a tinn;, 
atvollen, ami are filled bv brownish mat¬ 
ter; this brown niatt<>r is developed into 
ll, 4, or S spore's, which ('Senpe from a 
.small orifice at the apex of the concep- 
lacle, thn.ugh which also subsequently 
pass the tufts of sterile hairs which do 
not undergo metamorphosis into spores. 

.Sometimes the autheridia are pro,sent in 
the same conceptaclef as the sporanges; 
or they are borne on a separate jdant 
(di(eeious). The autheridia consist of 
ovoid cells, some on branclied tlireads 
and containing a wliitish mass, inter-„f F„<.ac™ ;-A. 

sp<^r>(Ml tlinXl^llOUt whicl) H DUIillu’r Mhiiv^fo, hulf thi> nut. «I. {kkIo or 
of red grannies. 'I'he autheridia art' rcij eiHcii B; h. seition thmiinh recep- 

• .11 \ 1* . I Hhowniij ll»i-inDUih »(‘Cint-fM- 

ejected tlirough tin; orifice ot the coneep- .,f „i,ich is tin.'.] Vw 

ttiele, and ihem.selves give exit to mime- smluTidia o’ pro-lwciuE spormutezoids 
rmis antherozoids, each provided with a fj. 

eouple of extremely fine cilia, and I'ontaiiiing a rial granule. According 
. to our present knowledge the Fm-ace.i' are strikingly separated from the 
other Olive Seaweeds—from the 1 tictyotncea' by the nbseiioe of tetrasjiores 
and by the character of their mitht'ridia, and from the I’lneosporea* by the 
absence of the reproductive zoospores and by other points of orgtmization. 
They appear to be allied to the Confervoid forms, tlimugh Plueospoiva', 
more closely than to Ifhodo-spermwc; but their reproductive organs are 
formed on a higher type. 

Distribution. —Uiiit eraal: especially found on rocks between tide-inarks, 
or, if growing in deeper water, buoyed up to the siirfiute by vesicular 
tlonts; very large in tlic Southern Ocean. 

Qualities and Utcs. — The gy'latinous sub-staiu^ of which the thallus 
composed renders some of these plants availabl* as food for man or ani¬ 
mals where better production.? are scarce; but flieir chief value is as a 
source of iodine, extracted from the “ kelp " or ivslies, which were for¬ 
merly an im;gortant source of soda also. The Fiiri nr»'. also largely used 
for manure in maritime localities. SaryaMiim baccifmun fomip ;fl»e 
celebrated masses of •' Gulf-weed ” in the Atlantic Ocean. Fuem vtd- 
culostM, the common Bladdcr-wrock, grows everywhere on odr coast 
between tide-marks. 

c 2 
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Order CLXXVI. PH^EOSPORE^. Olive Seaweeds. 

Class. Alfrte, Endl. All. Algales, Lindl. 

548. Z)irt(7nosi'.<!.—Olive-coloured or brown Seaweeds with a foli- 
aceoiis, shrubby, or branched filamentous thallus; reproduced by zoo¬ 
spores, having two cilia, one directed forwards, the other backwards, 
formed in clavate cells or multicellular filaments, collected in more 
or less definite groups on the cortical layer of the thallus of the 
larger kinds, in lateral tufts or terminal on the branched filamentous 
kinds. 

iLI.rSTRATIVK CiENKRA. 

Chorda, Stackh. Punctaiin, Orer. F-ctocarpTis, I.i/ni/h. 

Laniiiiarin, Lain.r. IVsmave^tia, Lnm.r. iVfyrioiiemn, (Iror. 

.Uictyosiphon, Grev. Jlyriotriehia, Ilarc. Leathesiu, Gray. 

Affinities.— This group corn'sponds to the tribe Laininnrien^ of the 
groui) Aplosporete of Decaisne. 'I'he genera included in this Order with 
highly developed thallus approximate to the Fucncea', with which they 
are sometimes associated; but it has been discovered by Thuret that the 
so-called “spores” are .“acs producing zoospores, xvhieh germinate and 
produce, new plants like those of ('onfervotd.s; they are distinguished, 
liowever, from the zoospores of that group by the arraiigement of the 
cilia, which are here two in mimber, unequal in size, and take reversu 
directions ns thev leave the body of the zitospore, resembling, in fact, the 
form e.xhibited m the spennatozoids of I'ucus. Tho size and mimber of 
the zoospores are not constantly tlie same in the same plant; and in dif¬ 
ferent cases the organs producing the zoospores are large clavate .«ac.s or 
chambered filaments, the number of zoospores in a cell being either dc- 
finite or indefinitely great, on account of more advanced .“egmentation of 
the contents. The mode of reproduction and the forms of the thallus in 
such genera as Ectocur/nis &c. bring this Order very near to the Fon- 
fervoide.'c. Much obscurity .still ]>re\ailM here, since antheridia coc.xi.st 
with reproduction by zoo.spore.s in Cntlrria. and appear to exist in 
cekiria and Clathislcjihtis, which also reprodm’e by zoospores. 

Distribution, Qualities, &c.— Much the .<ame a-s in Fiicaiiea). Laminaria 
digitiita and xaccharina are eaten (under the name of Tangle) on the coasts 
of the north of Europe, as also is Akiriu esculeiila. 


, Order CLXXVII. CONFERVOIDE/E. Silk-weed.s. 

Class. ^Mgfe, Endl. All. Algnles, Lindl. 

549. Diagnosis. —(Fig. 465.) Plant.s with a filamentous, mcm- 
branouB, gelatinous, or pulverulent thallus, growing in fresh or 
salt water, or on moist sub.staiicc.s, of a bright green or, more raroly 
(often temporarily), red colour, reproduced by zoospores discharged 
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from the ordinary cells of the thallus (A, d), or by spores formed in 
these cells after impregnation by combination of the contents of 
two ccUs, either by conjugation (C, c), or by the transference of 
spermatozoids into the parent cell of the spore, the spores (Cj d) 
passing through a stage of rest before germination. 


Fig. 40.5. 



OrKuniiafion of Cnnfi'nroiil Aigw:—A. Filnmenfs of Spiro< 7 i/r/i qviniita ; <t. in natural condition 
tiijHj'niflfJ ro tltaniohTti^; h. two filaments conjni'Hting: r. a ej'ore formed in one cell frfini 
the mixed contents; d, a free SjKire: r. the winie B. l^o(o<y><rvn rtndt* 

(niHi'n. diameters)t a.uKPOMP cells eoherinjj hvjellv-likemutter; 6, four c<*ils formed 

I,.. —e - »k.a nalla 


Illustrative Gk.vkra. 


Codium, Slackh. 
llryopsis, Lanu\ 
Vanclierin, DC. 
Botrydiiim, WaUr. 
Ilrapamaldia, liory. 
(Edogoniunn Link. 
Spirogyra, Link. 
^hcerbplea, Agh. 
Coleochaet®, Brih. 


Tli'drodictyon, Both. 
uK-a, Ayh. 
TeiVaspora, Dec. 
Nostoc, Vouch. 
Botn'dina, Brih. 
Clathrorystis, IIc»f- 
Palmella, Agh. 
(Achlya, Nce$.) 
(Cbytriaium, Al. Br, 
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Afflnltfe*—The speckliticn of the vei^' miiifiform j^TOiip represented hy 
the tthnve list of irt'iierii can scarcely he dealt with in a n'ork like the 
present; and, in faet, our kiiowlcdiro (if the essential chara(>ters of tlie phmts 
13 at the present tilin' iiiiderjri)iii^ a tliorouirh reeonstriietioii. Jii the (fetiiii- 
tion of the jrrmip of Coiifervoids here, the Oseillatoriaoeie and the otlier /«■/•- 
maiicnthi active forms are excluded. The Oseillatoriacea' are orjraiii/.ed in 
a vel^ ditteri'iit way from the true Confervoids, while till lately it hiw 
been doubted whether l^intomncetr, Desmidiere, niid, above all, \'olvocitieit) 
are even veftetables at all. The Confervoids proper are mostly very 
simple cellular organishis, with chlorophyll and starch in the cells while 
they are actively vejjetntinir; the majority di.sclmrire the cell-contents in 
the shape of one or many active zoospon's, with 2 or more cilia at a beak- 
like .extremity, or with cilia all over tlie surface ( I’aiicheriii): besides 
which process, sexual reproduction has been observed in Zi/rpiemd by con- 
ju/a'ioii, in (Kdoiiimiinn. Splueniplcii, Vnn -herSd, Hulbm'hrctc, ,'tc. by sper- 
mntozoids derived from one cell enterin^r the cavity of the parent cell of 
the spore; and in all probability this will be found General. The mode of 
fertilization will be found de.scribcd under the head of I’hysiolofry of lie- 
production. The spores formed after fertilization bw'ome encysted in a 
lirm coat, thrown off in "■ermination, which commonly (‘tisues only after 
a lousr interval. The PatmeUete are forms not yet well explained, composed 
of solitary cells iniltedded in a common mucus ; they a]i[it‘ar to stand at 
the lowe.st point of oiiranization in the Veiretiiltle Kine-doin, if they be not, 
like the “ Yeast Plant " and .similar c mditions of I'un.tri, sta^oxs of growth 
of liiprher fortn.s. 

The prenera above jrrouped by Prnfe.ssor Heiifrey under the head of 
Confervoiilem are more nattiraliy stroujied by Uecaisiie ttndcr sovenil 
distinct .section.s of varyinj' deerces of importance ns follow.s:— 

1. Cddfcrcd', comprisinir plants con-istinu' of tubes or cells containing 
ovoid .spores provided with 2-4 vibratile cilia. 

2. I'ddcUdldns. Plaut.s consisting of a single cell producing numerous 
ciliated .spores. 

3. tF/hxjrmiefc. Filamentous Algie, producing spores either by the a.cr- 
gregation of the green colouring-matter of the cell into a splu'roidal mass, 
which escapes from the parent cell by a special aperture in its wall, and 
is then seen to be provided witli a crown of vibratile cilia, or as the re.sult 
of se.xiial agency. Tim antheridia consist of tilaments, each cell of which 
(mntains 1 or 2 .sperniatozoids, which e.scapo by the lifting of a lid-liko 
.valve of the cell-wall and f-rtilize the spore as above stated. 

4. Vdiirherietr. Unicellular .\l,g';e, producing two kinds of reproductive 
organa—the one resulting from the concentration of the green matter at 
the extremity ofikthe filaments into an oval active spore covered with cilia, 
the other formed as a result ofsexiial agency. Tlie antheridia appear in 
the form of .small horns jdaeed in the proximity of ovoid .sporangia. Thew.i 
antheridia contain numeyms extremely minute spermatozoids, which es¬ 
caping fertilize the sporangium and delermine the formation of a spore, 
which does not germinate immediately, but only after the lapse of some 
time. 

6. Saproleffniete. A group of imperfectly known Algte, resembling the 
Vaucherias in their structure, presenting rounded, moveable, ciliated z<x)- 
spotehandalwtantheridial filaments, fertilizing certain spherical sporangia. 
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Thc.H«> plants arc, by T)e Bary, ro^-arded as belonging to Fungi, having 
similar powers of decoinposing carbonic acid, and of living on organic 
matter, sucli ns the iiodit's of Hies or even of ii-sli. They will be further 
alluded to under the bend of Fungi. 

(!. Si/nHj>nrcrf or C'on/iii/iitf/;. Filiiinentous nr unicellular Alg;e, repro¬ 
duced by the process of conjugation. 'I'his group comprises the liesmidieie, 
<if which further notic<‘ will be found hereafter. 

7. J)iatomm-e(e. These are also alluded to in the following pages. 

Distribution, Qualities, &c,—Met with univi'rsally in fresh and brackish 
water, some genera .also on sea-coasts, growing on rock's, large Algtc, &c. 
Some of them occ.asionally appear sudileiilv in vast tpiantity, colouring 
lakes greiai; or, ns in the case of VdlntrUa nivaUx, giving rise to the phe¬ 
nomenon called ‘•Red Snow.” PuhnAUi (‘rueuta often forms large patches 
of substance like half-congulated blin)d on damp stones and rocks. The 
green slimy matter of .stagniiut pools is mostly compo.sed of interwoven 
masses of lilameutous t'oni'ervoids, which ])resent most beautiful and 
varii'il forms under the microscope. I’lnt (niarine) produces large mcni- 
braiiniis fronds, which are sometimes eaten under the name of Oreen 
Laver. 

(Osrir.r,AToT!TACi'.«. .Vlieroscopie tihimentous structures, usually col¬ 
lected into patehes of defini.e or iudelinite form, extending by peripheral 
growth, eompose l o!' eoiitiimous tubular sheaths enclosiug a green or 
brown gelatinous oiatter marked by transverse stria', where the .substance 
is divided into series of longer or shorter ph;ces. often escaping from the 
tube, ultimately resolvi'd in renrodnidiou into diseoid fragmi'uts, which, 
when free, hecoiue e-lohular. Tm.' g'elatiuous '‘core," ilie vital jiart of the 
structure, is capable of a peculiar movement, which causes the free por¬ 
tions or e.vtreuiities of the tilameiits to vihrat(‘ like a peiululum. or with a 
slightly vermiform oxcUlufim. whence the name of the Order. Reproduc¬ 
tion by spores imkuowii. Our knowledge of the essential characters of 
this Order is verv impi'rfect; aTid tin' only mode of reproduction known is 
by .siniph' divi.sion ot the central siihstaiiee of the lilameuts, the portiou.s 
slitting out of the ends of the sheaths ami secreliiig a new coat of their 
own. Their peculiar o.seillatiug motion is one of the marvels of Vegetable 
I’hysiology : they appear to he totally di'slitute of eilia. Their move¬ 
ments, and the nature of their central substance (apparently devoid of 
stnreh, and coloured by different matters besides eliloropliyll). seem to 
imlioat<' a relation between Oseillntoriacem and /lugeninme, whicb would 
connect the latter with Confervoid.s. They occur in water, fresh and salt, 
and on damp ('arth, everywhere. Oenera; (hcilUitoria, Bose; Micru- 
voleKS, Desmaz.; Cahihrtx, skgh.; JtwuJaria, Roth.) 


Ordbr CLXXVIll. diat6^:macile. 

Cf(im, Algio, Endl. AH. Algales, Liiuil. 

.j50. Diagnosis. —(Fig. 402, B, C, page 428.) Microscopic unicel¬ 
lular plants, occurring isolated or in groups of definite form, usually 
surrounded by a gelatinous iiivostmoat, the cells exhibiting more 
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or less regular geometrical outlines, and enclosed by a membrane 
striated or granular, either simply tough and continuous, or im¬ 
pregnated with silex and separable into vidves. Iteproductiou by 
spores formed after conjugation of the cells (d), by zoospores formed 
from the cell-contents, and by division. 


lLi,rsTnATr\'K (lENEnA, 


Subord. 1. Desmipie.r (fig. 402, If). 
Cell-membrane without silica, con- 
taininy chlorophyll and starch. 
Closteriuni, Nitzsch. 

' Cosmariuni, Meneyh. 
Euastrum, Ehr. 

Pediastrum, Meyen. 
Desmidium, Ayh. 


; Subord. 2. Diatome.e (fig. 402,C). 
I Cell-ihemhrane imprcyiiated with 
i silc.i, valvular, containiny a brown 
colouriny-maitcr. 

Eunotia, Ehr. 

Diatonia, DC. 
i Naviciila, Bory. 

; Isthmia, Ayh. 

: Melosira, Ayh, 


AfBnitles, Ac. —These organisms were formerly included among Infu¬ 
sorial Animalcules: but the vegetable character Is veiy strongly marked 
in Desmidivce; and the reproduction by conjugation, characteristic of 
certain tribes of Confervoid.s, occurs not only in Dcsmidiece, but in Dia- 
tainea, which in re.speet to general organization cannot well be separated 
from the /JfsmiVffcfC, although the nature of the cell-contents has more of 
the character of what-we are accustomed to regaid as animal substance. 
The Ditttomeee are also remarkable for the way iu which thev divide by 
segmentation into a number of distinct fru.stulcs, each of which grows 
into a perfect plant. • 

Distribution, Ac .—Desmidiece occur in all quiet pools of pure water, at 
the bottom or adhering to other plants. DiaUmwce are universally dif- 
fu.sed, not only in fre.sh water, but in the sen and on moist ground, in all 
of which situations their siliceous cell-wall.s cause their remains to accu¬ 
mulate, if left undisturbed, until they may form actual mineral strata. 

(VoLvociJTF.JE are microscopic bodies .swimming in fresh water by the 
md of cilia arranged in pairs upon the .surface of a common semigelatinous 
envelope, the pairs of cilia each belonging lu a green corpuscle resembling 
the zoospore of a Confervoid, imbedded in the periphery of the common 
envelope. Reproduction by the development of each corpuscle into a 
new colony, the whole being set free by the solution of the parent 
envelope, or by conversion of the corpu,«cleH into encysted resting-spores 
like those of Confervoids. Tliese curious and beautiful objects, found in 
nmilar situations with thef’onfervoids, appear more closely related to that 
group of oiganic beings thhn to any form di.stinctly n cognizable na mem- 
Mrs of the Animal Kingdom; the persistence of the power of motion 
throughout the period of vegetative lite ladng the only animal (?)chamctcr. 
Geners: Volcox, Lam.; Pandorina, Ehrenb.; Btephanotphetra, Cohn; 
Gmium, Lam.) 
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Class II. AEROPHYTA. 

A 0 

551. Thallophytes growing and fructifying in the air, repr^^uced 
hy spores formed in asci, and by green yonidic formed in the medul- 
]ary layer of the thallus. 


Order CLXXIX. LICHENACE^. 


C/asK. Lichenes, Em)/. All. Lichenales, Lind). 


552. Diaf/nnsi .'!.—Plants usually of dry, dead-looking aspect, con¬ 
sisting of a thaUns of foliaceous or shrubby form, or of scaly, crus- 
taccous, leprous, horny, papj'raccous consistence, bearing local 
fructification either in cavities in the thallus and oj)cning ultimately 
by a pore on the surface (am/iocarpous, fig. 4661, or expanded into 
shield-like, ou|V8hapcd, or linear projecting processes {gymnocarpous, 
fig. 4()7). Reproduction (vegetative) by gonklia, green cells at first 
hidden in the interior of the thallus, and by spores, 4-8 or a greater 
number, jjroduccd in tubular spore-sacs {asci, fig. 466, B), formed in 
the exciivatcd or expanded fruits; anthcridia (?) in special excava¬ 
tions of the thallus (spermogonkt), producing minute stick-shaped 
corpuscles {spermatia, fig. 466, C). 


iLLl’STnATIVK GEXERA. 


Opeprrapha, Pers. 
I'lnbilicaria, lloffm. 
VeiTucnrie, Pers. 
Endocarpon, Hvdw. 
Sphajrophoron, Pers. 


Cladonia, Hoffm. 
Lecidca, Aeh. 
Stercocaulon, Schreb. 
Parmelia, Fr. 

Sticta, fichreb. 


Cctraria, AcJi, 
Roccella, DC. 
Ranialina, Ach. 
Evernia, Ach. 
CoUeraa, Ach. 


The thallus of the I.icliens mostly grows in exposed situations, as on 
rocks, walls, the bark of trees, &c,., never iuiuiersed in water like that of 
the Algre, but receiving its supplv of moisture from the atmosphere. It 
varies from n pulverulent or papillose crust to a lentherv or homy folia- 
ccons expansion (fig. 4(i7, A), or tufted shrubby moss. In the crust-like 
form!?'it adheres firmly to the snppttrting ol^ect; in the foliaceous and 
shrubby forms it is free, and spreads more or less widely from its point of 
attachmeut. In all but the simplest forms it exhibits certain dinerencea 
in its internal and external tissues; tlie thallus has a firm cortical layer 
alHive and below, between which, more or less developed in diflferent cases, 
is a central looser mass composed of interlacing colourless cellular filaments. 
Among the latter occur green cdls, called gonidia, which are capable of 

V 6 
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reproduchifr the plants veijetatively when set free. The cells of tho cor¬ 
tical laver do not contain chlorophyll, 

and are iisimlly dry, horny, jiiul of a Fig. 467. 

dull gii'v or brown colour. Cry.-<tHl.s 
of oxalate of lime nri‘ often inter- 
inixial with the tilaniStits of the een- Fig. 406. 
trai layers. 

The fruits of the I.ieheu.s occur as 
modilieations of two principal types, 
the shields (apothrcia, tti”) and 
the conceptacles ( perifhiriii, tig. -ftit!). 

The perithecia are chauihers excaxa- 
ted ui thickened pa'-ts of the thalliis. 
or in special hranch-likc lobes {tig. 

46!!. n). opening externally hy a pore, 
and lined tiy tubular sacs, th ' parent 
cells of the spores or thecce (!>). 

These thec.T contain usually a row 
of spews (4 or t*. or sometimes a 
larger number!, xrhicli escape by the 
thectp bursting, and are discharged 
from the orifice of tho eonee])tiude 
or pi-rithi'niim. The sjtores ari‘ very 
variable in size, atnl consist of two 
layers, an cphpiin' and an nt'/oi/mv: 
the former is tinged blue (tn the addi¬ 
tion of iodine. Wlien the spores gi-r- 
minate they produce a filamenttuis 
thallus. In addition to the aimve- 
nanied reproductive organs then' 
are others called pprnirtin, whose 
nature and otiice are at present not 
clearly ns''Prtained. They are like 
the spertnogonia in form, and contain 
minute bodies called ff i/lmpi>rc-<. 

The other form of fruit, the npothfi-iinn I tig. 467, C. ii) consists of similar 
elements: but instead of being a closed chaniber. it i' a free open cup, or 
.shieM-shaped or linear body, sessile ,r stalked on the thallus, tiearing tho 
/Accflr_exposed on its upper fa-e. IdlTerent names are applied by liche- 
noligists to the various forms of the apotheciiiiu, according to the gctiend 
form, such as pc/f^, xijitflhr ( 4{!7,(, pnhiUe, liri-Uie, kc. 

I.ichen.s with perithcrui are called .Vngdocarpous, those with apothecia 
Gymnocarpou.s. 

Sm.iller ch8inber.s,analogJusiu structure to tho perithecia, but lined Ijy 
filaments producing extreinlv ndnuto hneilliform corpuscles, occur 4n tho 
thallus of all Lichens (fig. 4ti7, k) ; they are called uprrmugmui, and the 
corpusclas .sper.natia ; they are supposed‘to repre.sent untheridia, and the 
corpu.sclos to posse.ss a fertilizing fimetion. 

The tpermatia have usually la-en comsidered motionle.ss or mani¬ 
festing onljr tho Brownian movement common to all minute particles, 
organic or inorganic; but Itzigsohn and other botanists aiUnn.tW they 



Fi>;. A. Ffrtii^lirftnch nf iho thuUiw 
Sph'j-r'ffihfrron t'ttr-illoi/lt M, with, n, j» jmtj* 
iuitl N. H. Thfi*® 

luui p{jr»phv^«‘H fmni thr hffium. 
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are endowed with a pow(>r of move,mont from place to place, ns in the ease of 
tht' antherozoids of i)ther Orvptofranis, and also with a movement on their 
own axis. Lortet allirius that the spermatia, unlike those of IMosses, are 
iiilliienced by inductiou-cmrents of electrii-ity: the spermatia range them¬ 
selves in lines parallel to the direction of the current, as if polarized. 
When the current is broke)), the sper)))atia disperse over the field of the 
)))icroscope. 

Affinities.— 'rile relations of the Lichens to the Fungi are exceedingly 
close, so much so lhat it is dilficult to discover an exact line of detnarca- 
lioi) between the Angiocarpous Lichenes and the Pyrenoniyc lous F'ungi. 
Some authors combine them into one clo-ss; but ns a rule chlorophyll and 
starch do not present tliemselves in Fungi, while the gonidia ot Lichens 
!))•(> colourc'd green Iw chlorophyll a)id they contain starch, and a)-e Itence 
oolouri'd blue on the addition of iodine. Some botanists are of opinion 
that Lichens consist merely of the filaments of Fungi i)nplanted on the 
tis-ne of an Alga. Others think that the 1-celled .Vlg.'B, whose develop¬ 
ment is like that of the gonidia of Lichens, are precisely those gotiidia set 
at liberty. F'amintziii says that “ zoospores ” are produced from the 
gonidia of Lichens. Some of the l.ichens are ti-uly parasitic; hut the 
majority are only epipliytic, when tliey grow on hark &c. The thjillus of 
Licliois lias a great ])ower of absorbing moisture from the atmosphei’e; 
heucc ihe plants are enabled to grow on exposed rocks and in other dry 
situations. 

Distribution.—.\U parts of the world, bnt forming a very large propor¬ 
tion of the mitiro vegetation in the higher regions of mountains and in 
polar latitudes. 

Qualities nml Uses.—Many Lichens are very nutritious: a niinihcr of 
them yield valiiahli! dyes ; some are medicinal, others aroimitic. .-Xinong 
the niort- iniportant^utidtions kinds ai'e:— Clndtmin rfini/iferimi, “ liciiideer 
.Moss;" Crtfiiri'd leehind Moss, and C. iiiva/in-, Ciiibilmiria 

(various species), •onstituting " J'rijif-i!(-rcx‘/i<‘" of the North-.Vmerican 
hiintei'S; Lii'iituirii Mcv/r/a'e {Tartm v) and L. (iftbih, Sfic/a pidnionariu, 
kv. From I.rcuinn-d tortand, the purple dye called Cudbear is obtained; 
1‘dniii‘lid jHiriftiiid, coiimioii on walls and i-ool’s, gives a yellow^olour; 
Riicrflld liid'lorid (MedlteiTanean aixl Ciipe-Verd Ishnid.s, ,tc.), R. fii- 
cifonni.'^ (.Madeira. .\i)gola, Madagascar, S. .\mei-icn). and 7f. ?i;/pomF('hii 
are Orchil-wei ils, iVoni which tlie dyeing material Oivhil or Orcliel is ob- 
tiiined—WwHs being obtained iVoni these' and other species of Jloi'ceUii. 
.'somi' species eontain a considerable quantity of oxalate of lime in the 
form of crystals. 


Cb.tss III. HY.STKKOrHY'U or FYNGI. 

r)o3. Thallophytcs growing in or on living or decaj’ing organic 
substtuiccs, and fructifying in the air; vegetative organs or myce¬ 
lium consisting of elongated cells, destitute of ehloi'ophyll and starch; 
reproductive organs varied in form; spores extoruiil or formed in 
ascl. 

The F'ungi exhibit the greatest simplicity and homogeneity in the vege- 
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tative structure, and a most wonderful and intricate complexif j and variety 
in tie oi^>»ns connected with reproduction. The thallus is alike in con- 
stpwtion in all Fungi, from the simple Mildew (fig, 4(>Sj up to the largest 
Agaric (Sg. 4(39). It consists of on assemblage of branched, tubular, 

Fig. 4(58. 

A 



A. Teftat-pUnt Tegetating. B. Attpergillut ^1aueu», 

C. glaueum, D. Mucor Mucido. 

Magiiiil<*d 200 diameters. 

cellula^'filament*, containing no colouring-matlSr, and appearing in the 
form of simple filament.*, or of fibres, or of membrniies, or of gelatinou.s 
pulp, or of globular tubercles; the latter condition, indeed, is but 
tran-'itorr, ana present,* analogie.s wth the fi riiiation of tulwrs from which 
shoots ultimately spring. In like manner the globular tubercles give ori- 
■ gin to a filamentous ntyceliutn. The clouds iti decaying infu.sions, the 
“ spawn ” of Mushrooms, the woolly or cottony masses on the roofs and 
walls of cellars, the gelatinous nia.-s of the “ vinegnr-nlnnt,” all present 
the same simple structure iitidfr the micro.scope, and all exhibit the same 
indefinitely expanding modf of growth from all free points; hence it re¬ 
sults that they have no defrtiite general form, and spn-nd out more or leas 
widely according to external conditions, dying away by degrees in the 
older central p^s of the ma.'-s. This kind of tlmllus iii known by tho 
name ot mycelium, and is of varying duration in difl'erent cases, aoniotimcs 
annual,frurafying only once, or oftoner in dilFerent species’. It is apparently 
only capable of growth when it receives nmmsHInent from organic suit- 
stances, and is found therefore in rich vegetable mould, decaying oiganic 
matter, or parasitic on living plants or animals. It is ahiiost always 
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colourless, sometimes brownish; but neither this nor anj other part of 
the structure of Fungi contains chlorophyll or starch* 

The ttmroductive organs of Fungi differ importantly in different Orders. 
The simplest plants of the Class are included in the Ilaplomycetous'Fungi, 
including the Mildews and Moulds, which consist of a nocculent urn, 
from which arise free, simple or branched filaments of microscopic dimen¬ 
sions, terminating either in tufts of free spores, borne singlv or in chains 
(fig. 408,11, C) at the ends of the branches of the filaments {Trichospore® 
and Arthrospore®), or in little sacs (fig. 408, D) filled with minute spores, 
which e.«cape by the bursting of the theca (Cystospare®). The fructifica¬ 
tion of these plants appears to the naked eye,*when in masses, like patches 
of delicate powder or various colours, grey, black, yellow, &c. 

Many Fungi, growing in the substance of living or decaying leaves, bark, 
&c., form a fleshy or horn^' mass (rtceptacle or dromd) at some points on 
tlu! surface of tbe mycelium; and in these are produced conceptacular 
clminhers {perithecia), like those of the clpsed-frmted Lichens, the walls 
of which are clothed either with fllainenfs bonring free jointed spores 
(ntylnspnrcn), or with tubular sacs (tfecce orasci) containing spores in their 
iiitiTior, generally (right or some multiple of eight in number, and formed 
(ritljcr by “ free-ce.ll formation,” as will be explained hereafter, or by sub- 
divisioii of the parent cell (Pyrenomycetous Fungi). Other Fungi, again, 
have similar nsci. or stylospores on the outside of a cup-shaped or cushion¬ 
shaped sprciul rwitdttcle (like an npothecium of a Lichen), scattered over 
a more or less distinct stroma or common receptacle (Disconiycetous 
Fungi'). 


In the larger Fungi the fruit Fig. 409. 

acquires niOK^ complex deve- 
lopment. In the .Vgarics, the 
Mushroom is the large fleshy 

fruit ari,sing from the ftocculent *^2^ 

mycelium, or “spawn" (fig. SSSef S* 

409). The spores are produced ^ §W 

h<(re on little, stalks (stertV/mn- lllil Jpj 

la) springing from the ^>p of 

ovoid cells called iojuWn,which ^ 9 MsSL 

in their turn proceed from the '• 

hj/meninm, from which hang 

down the “ gillsor vertical * 

plates under the spreading cap 

(llg. 4t>9, li). IMliny thousands tj,,. Munhroom {Attarint* eawftttru)'. —.V. Fniit, 
of such spores are found on the showina ()«■ cximniiion from the co/r«, and the veil 

:n.. oln.^la U'nrinffftwavand lenvinctheannnlua H. sei-tjon 

mils (^f a sing e .Mushroom. of“gina.”riagni«ea.Wdi«metera. C. Baaidiaand 
The gills are replaced by tubn- aporcs from diUo, minjniSed 400 diaiueura. 
lar or stalk-like processes, or . 

convoluted lamin®, in allied genera. Fungi having this structure are 
called Ba.«idiosporous, and are divided into two groups, Ectoba-ridie® and 
Endobasidiem, ftccordingly as the bnsidia .ire superficial, ns in Agarictis, or 
enclosed within a conceptacle, ns in the Puff-balls (Lycopereion) and their 
allies. The fruit here assumes the shape of a leather ball, which at first 
appears solid, being filled internally by a convoluted laminar structure 
analogous to that under the pilous of the Agarics, but closely compacted 
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and shut up in a sac (/)e/tWium) analogous to that enclosing the voung 
Mushroom. The laminre produce hmtdiospores i and these decay away so 
as to leave the spores free ns a pulverulent mass in the interior of the 
hall, which then appears like a leathern sac, and, bursting, diseliarges the 
spon's in the firm of a cloud of dust—whence the name of the plants. 

The family of which the Truffle is an e.vainple bear fruit beneath the 
surface of the soil in which they grow; and although tliey bear some re¬ 
semblance to the PuH-balls, tiieix- structure liifFei's in essential re.«pects. 
They also are globular or irregular ball.s, the iiitenor composed in like 
manner of convoluted "Inininre, which gives a marbled appearance when 
they are cut acro.ss; but they do not produce hanidionpores; fitim tlieir 
sporigcroiis Inminie arise n.tci or .spon>-sacs, pnxlucing spores in their in¬ 
terior; and the ultimate fate of these i.s not to become free, dust-like 
particles, but to be. set free by tlie rotting away of the wliole parent mass. 
There i.s no perirliam in this ca.se. 

The “ spores " pvoduceil in the manner above indicated are probably 
more nearly analogous to buds tlian to reproductive organs formed from 
sexual agenev. .Vcoiirdinirly as tliesc spoms art* formed witliin a inotlier 
cell or on the exterior, we have tlie terms as in tlie A^comi/cHes 

or Pi/renont'/eetf i, or t'xoapurc-*, a.s in the IJiisidiosporeie. Ik'rkeley dis¬ 
tinguishes the eiidospoR's us spiniilia, retaining the word spore for the exo- 
.spores. Tlie endospores orsporidia are formeil in one of two ways—either 
by division of tlie parent cell, or liy the formation of now daughter cells 
'wnthirfthe mother cell (free-cell formation), as will be more fully explained 
hereafter. 

Recent researches make it probable that various forms of so-called snores 
observed in Funsri li ive different piiysiological importance. Some of tneiii, 
called COMiV/iV( (fiir. KW, .M. apjauir to lie organs of vegetative propagation, 
like the gotiidi i of Lichens (p. 4411 and tlie zmispores of .\lg)n ( §o4S). 
Thev exist in the form of simple, glulmlar or ovoid cells, i.solated or 
aggregated in masse.s. 1‘i/ein/iin are small cavitip.s or conceptacles con¬ 
taining threads, b*'!iring ovo!<l or split.Toidni cells called sti/lospores. In 
some Fun<ri, moreover, as Peronosporo. zoospores like tho.se of .\]g!e liave 
been discoven>d, containrsj originally in a zoospoiaage, from wliich tliev 
escape and move from phu.’i? to jilnce by means of cilia. 

Other of tlie strnctiires met witli among Fungi appear to repre-sent 
distinct sexes; tiiiis, in addition to the .spores, ii.sunlly so called, and the 
“ sporidia,” the following liave aLo Ixten observed in various Fungi;— 
Antheridin, or fw.itidia, of originally tlirea<i-like fonn, but afterwards 
dilated at the summit, and detached from the mycelium ; tlie function of 
these bodies has not been definitely ascertained. Npermatia, consisting of 
simple, ovoid, straight, or curved cells, contained within a coiice^tacle or 
spermogone. and thus pre,sumcd to have close relationship to, if not 
i lentity with, the stylospca-es above described. Zygospores, rounded or 
oval (^ils, situated at the extremity of a filamentous rcceptwle or deve¬ 
loped on the sides of two .suMi visions of tlie same branch^which approxi¬ 
mate and join one another to form a .single cavity, or zyyosporange, con- 
tmning a single spore. This process, analogous to’tliat called conjugation 
among Algte, ha.s only been observed in St/zyyiles and ono or two other 
genera, ^mething of a similar character has been observed by Tulasue 
in confluens, Oogmia are globular bodies, tilled with granular 
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mattpr, which ulliiivitcly, after contact with the antheridium, formed on 
anotlier hranch of tin; same mycelium, afrirrt'eate into small globular 
masses, or m.'tpores. 'I’hese structures arc; found in Siiproki/ma, a plant 
in(;luded by some under Algic, but placed bv I)e liary in Fungi, and 
wherein small tubes like pollen-tubes may be seen passing from the 
antheridium into the interior of the oogone, and determining the fonuation 
of the oospore. 

A.s many of the bodies which have thus received a distinct appellation 
are, in all probability, merely slight niodificatious of otio and the same 
organ, it is very embarrassing for the student thdt they should have 
received dill'erent names. Doubtless, as the functions of the.se bodies 
bc'come more clearly as<!ertained, C'ryptogainie botiinists will be content 
to follow the e.xample of thosi; wbo •■^tudy the higher plants, and call all 
organs e.verci.sing’ the .sime functions hy the sann; g-eneral name, qualify¬ 
ing it ns may he nei’essiry. Tlie comple.xity is increased by the fiict that 
one and the same .speci(!s may <le\ idope at one time, or at dillerent time.s, 
the various reproductive bodies above described. Hence uumeroiis .spe¬ 
cies and genera have been described as distinct, hivving been founded on 
the prt!seiice of org-aii' now known to belong to the same plant in dill'erent 
phasas of its e.visteuce. 

I'ungi live, for Ui(> most part, on dead or decomposing organic matter, 
or on living tissues. 1 bmee .\1. de I’ary divides Fungi into two ('la.sses, the 
Sn])rophytes and the I’arasites; and these latter are epiphytes or eilto- 
phytes, actaa'dimrly as tlnw attaeh themselves to the surface or dovelope 
themselves in the interior of the tissues. Tlte spore of the parasite 
germinates e.vternally, and thrusls the delicate filainents, formed as a 
result of its germination, through the epidermis, either through the 
stomata, or direetly lliroiigh the epidermis, as in tin* mould producing 
the ibitato-disease. Kaeh species of enlopbyte i.s peculiar to a particular 
]ilant, anil penetrates it at a debiiite moment, ami hy an organ speciallv 
provided for the ])iirjiiise. Thus De I’ary as,serts that the "white, rust'’ 
.so common in Crucilers is only introduced ilirougdi the cotyledon.s at the 
lime of go'ruiiuatiou. Kpipbvtii-a! Fungi spread over the surfivce of the 
plant on wliieli they grow, and abstract the juices tlierefrom by means of 
very small dilatations of the lihimeiits acting as suckei’S. Other para¬ 
sitical fungi allect animals, sometimes as a result or consequence of ill- 
health, while at other limes the fung-oas gTowth it.self cau.ses the disease, 
as ill till! “fungou.s foot'' of India, tho silkworm-di.seasc, Ac. 

;V»4. Tho clas.sifieation of the Fungi is a subject of great eom- 
pk'.xity, and. from the niiiltilndc of forms, and the variety of con¬ 
ditions eshihited under each type, it is e-xtrcmcly difficult to establish 
really natural groups witli definite eharaetew. Jinny systonns exist, 
almost over}' writer who devotes ospeeial attention to these plants 
modifying in some avay the systems of his predecessors or contem¬ 
poraries, It seems evident that wo cannot rely on the eondition of the 
spores alone for the diserimiiiation of largo groups, and it is scarcely 
possible to classify hy the polymorphous fruits: but the conditions 
of the fniits seem to us the natural basis for the classification here, 
where tho thallus takes the same simple form of a cottony myccliom 
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throughout the entire class. In De Bnry’s clnsBification, which is 
the most recent, the Fun^ are divided into four main subdivisions 
and thirteen secondary ones as follows:—1. Phycomi/ceUs, including 
the Saprolfgnieaf, Peranosporece, and Miworinta ; 2. Hypodermeae, 
including the Uredinece and Ustilayhiew; 3. Bastdiomyeetes, com¬ 
prising the Tremfllinecr, Hymenomyceies, and Qantromycetes ; 4. Asco- 
mycetes, under which head arc included the Protomycetes, Tuheraceas, 
Onyyenece, Pyrenomycetes, and Discomycetes. 

In the former edition of this work Professor Henfrey proposed 
an arrangement of a simple nature, and which is as natural, or 
more so than other arrangement proposed before or since, for 
which reason it is retained. In it the Fungi were distributed into :— 

Botrytaceie, the Order with fertile cellular filaments (Jlocc!) arising 
directly from a flocculenl mycelium (j). 44,o); 2. Sphreridcem, the 
Order with a stroma or common receptacle on the mycelium, bearing 
peritheria or apothecia, like the Lichens (p. 445); 3. Kvieliaceet, 
those with a highly developed common receptacle arising from the 
mycelium, and growing by peripherieal development, bearing hasidio- 
spores or ascospores over more or less extensive tracts of the surface. 
In Tuheretr (TnifScs) this receptacle is developed into a tubercular 
m<ass, formed of a convoluted structure \rith the sporiferous layer 
turned inside. 4. AyaricaetT, in which a more or loss complex 
common receptacle, i.s’ originally dcvelojK'd in a large sac-like case or 
peridium, and either bursts out in a [KJrfect form when ripe {Ayaricm 
and Phallus), or decays and frees its spores within the peridium 
(Lycoperdon >kc.). 


Order CLXXX. AGARICACEiE. 

{Including most of the. Ht/mmomycete.s and Gasteromycetes of Fries, and 
the BasUUosporeee of L^vcillii.) 

555. Diagnosis. —(Fig. 469, p. 445.) Fungi vegetating by a floccu- 
lent thallus, from which arise more or less fleshy fruits which possess 
an outer, single, or double coat ( peridium ), rarely remaining adherent 
to the indehiscent fruit, usually bur-sting at maturity. Peridium 
enclosing the fructifying tissue (gleba), which forms a common re¬ 
ceptacle, subdivided into" numerous laminoe (fig. 469, B) or convolu¬ 
tions, or excavated into chambers, on the walls of all of which the 
spores are developed, either on hasidia (C) or in asa. The receptacle 
either bursts forth out of the peridium when mature, and by ex¬ 
pansion exposes its sporiferous laminm, or it deliquesces and is totally 
absorbed before the bursting of the peridium, leaving this filled with 
free spores; or it gradually decays with the adherent indehiscent 
peridinm. 
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Iu.usthativk Genera. 


Trilicl. .\r,AitiriE.E. 
A;r:iricus, L. 
IJoU'liuu, Dill. 

Tril)o 2. PiiALLE.*. 
I’lialhis, L. 
('Iftllirus, Mich. 
Tribe I’odaximk.e. 
Scfotiiim, Kze. 

Tribe 4. XlDI I.AHIKAJ. 
f'yalbuti, lldll. 


Tribe .'3. Tkichogasthe^. 
I.ycoperdon, Tournef. 
Uovieta, Diil. 

Tribe G. MYXooASTKEiE. 
Tricbia, Hall. 
Slemonitis, Gled. 

Tribe 7. Hymenanoieje. 
Ilyraenangium, Klotsch. 

Tribe 9. Onygexe.e. 
Gnygena, P. 


AfBnities.—The (question of tlie relations of the tribes of this Order and 
of tliis to tlie other Orders of Kutigi eannot bo deejdy entered into 
hi're ; but the prineipal forms jjinv be briefly noticed in a general manner. 
These, like all other Fongi, grow from a flocctilent mycelium, commonlY 
Iviiown as <• spawn,’’ In Ayariciin, the I'rnit appears at first as a ronndisK 
body, the rolru or pcridium. whieli bursts and gives exit to the “ button,” 
eonri'ting of the stalk supporting the .still closed pileu.s, its vertical 
sporiferoits plate.s covered by the inner peridinni, whicli splits away as the 
pileus expands, lea\ ing a portion on the stalk in the form of the aimuhis. 
In HiJclin till* peridinni is very fugacious. In Phallus the volva is more 
strikingly developed, and, when it hursts, the cointnon n'ceptacle expands 
into a column with the fertile .surface at its head—in ('luihrtis into a 
wonderful coral-like network of fl(;.shy sub.stance with the spores adhering 
to the bars. Potl/ij-iiiicec are a kind of I’uti’-bull in which tiiere is a more 
or le.ss distinct central column, comiiarable to the .stalk of the pileus of an 
Ag'aric before this bursts out from its •■button” condition. In Hidiilariece 
the periiliuni opens into a cup and exposes a number of little bodies formed 
by the breaking-up of the receptacnlar mass (ylcba) into separate recep¬ 
tacles. Tnchiiynstrerc are I’liil'-lsills in which the entire sporiferons ti.ssue 
in the peridinni decny.s, leaving only the .spores (or iilainentous fratrments), 
bef >re the peridiitm burst.s. My.coyastrcce are little plants which repre- 
.Himt on a small scale the conditions of CMhrus. Lycoperdim, &c. Hy- 
mciianyii'cc ii]>]ironcb thi> Tnhcrttc in the next Order: they are Trutlles, or 
iinderg’round-fruiting Fungi, whosi' fruits may be compared to Lycoptn"- 
iloii. but remain solid and .set free their .spore.s by decay. Tuberccn differ 
from all tin- plants of this Order both by tlie absence of a ]>er{dium and by 
forming the spores in sacs or usri. All the Ayttriciecr fonii their spores on 
Ixisidia, grotiiH'd in fours. 

Dtstributlon. —.Vbundiint in all parts of the globe upon or in soil con¬ 
taining decaying vegetable or aniiiial niattei^ also upon decajTng wood, 
trunks of trees, \'c. 

QualitloB and Use*.—Tho fleshy fruits are formed of a tissue which 
is very nutritious; and in the absence of noxious secretions they are very 
excellent articles of focal. In this country they are rather used as luxuries 
than necessities; but in Italy they are largely consumed as solid food; and 
in Australia, Tasmania, Tierra del Fue^o, and other parts of the globe, 
where, cultivation of tho soil is not practis^ by the natives, tliey form an 
importiint item in the means of supporting life. The best-known whole- 
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some kind is Ai/ariem cam/tfutri*, the common Mii,«liroom; but many 
other species of Asraric nn? also fit for food, ns A. de/iciunun, A. procenis, 
A. Geon/ii. A'c., as also IMetni eiliilix; wlnle a miinber of species of Aipi- 
ricii.t (mostly such as are brightly coloured) are noxious or suspicious, ns 
A.piperatui, A. niidiiMien^ &c. The kinds of Aijiiricm and allied ',ten('ra not 
eaten are commonly known by the general name of “ Toadstools.” Their 
peculiar mode of growth in pastures, producing, by their remains acting 
as a manure, annular marks of luxuriant growth of grass, called “ Fairy- 
rings,” results from the radiating growth of the subterranean niyeeliu'm 
or spawn. Phallus and' Clathrm are genera of very curious structun>, 
remarkable also for the excessively olVeiisive smell diffused when the 
peridiiim bursts, and the ix-eeptaele expands. Aparicus (Auifotila) /»«*- 
can'll^ is a poisonous species which possesses narcotic and intoxicatinsr 
properties; the Putf-balls (Li/ro/icnloii See.) ai)pear to possess a principle 
of this sort in a volatile condition, as the fumes from their combustion 
have a stupefving effect. Lproperihm i/ipaiifenm, howevt^r, when young, 
and snowy white in colour, is one of the b(*st of the edible Fungi. 


Order CLXXXI. EXIDL-VCE/E. 


(Includint/ part of Jlijmenonviretrs, of Disronii/retes, uufl of Gi/miionipn'tes, 
i'ncs, awl of Pasitliosporcee awl Thecasporra Ldveille.) 

5.5G. —Faingi vegi'tating by a flncculciit thalliis, pro¬ 

ducing on any part of the surface more or less ficsliy common re- 
eepfacks, devoid of pn-itliuhi, sometime.s perennial and increasing 
continually in diameter, bearing on their surface crowded Inmdio- 
spores or simple sh/lospores, or «sct contfiiiiiiig free spores ultimate!)' 
discharged with ela.sticity. 


Ielcstrative Gexera. 


Tribe 1. PoLYponE-E.' 

Meruliits, JIall. 
Polypones, Atirh. 

Tribe 2. IIydnej!. 

Ilydnum, L. 

Tribe 3. ArRicri,AniEA!. 
Cyphella, Fr. 

Trite tf. Tcuehra!:. 
Tuber, ^Mich. 


Tribe 5. Hki.vf.i.t.e^. 
Ilelvella, L. 
Morchella, Dill. 
Tribo (5. Tiiem'Ei.i.ea;. 
Treuiella, Dill. 
Kxidia, Fr. 

Tribe 7. CLAVARiEiE. 

Clavnria, L. 

Tribe 8. Imai)ie,c;. 
Isaria, Hill. 


l innWaa .—The relations of thi.s group are, in the first place, with the 
Agaricieit, the Polyptn-ece being a,s it were receptacles of Ayarinu or Po- 
lAm without a peridium; they arc remarkable for the fruit-organ being 
of perennial duration, increasitig by gradual development at the margins. 
The n^dttea, AuricularUa, TremeUea, and (Jlavarifre are all related in the 
sune direction, the naked common receptacle exhibiting vaiyiug meta- 
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morjihow's clmractcrizinj? the particular groups. llekeJka are especiallv 
ilL'^tiuguislicd by the dilibrent mode in which the spores are developed, 
Ik'ing nscosmirou.s, in whicli they agree with Tuheme., which may be re¬ 
garded as roliijiorecf or Tmiicllece witli the fertile layer of the receptacle 
turiied-in to line a coinjjlicatcd .series of eoniiectcsd clianibers formed by 
convolutions ot tin; mass. Imriccc are jirnljabiy rightly placed here, 
torniing a link between tliis ‘rronp and the tilainentous Fungi. 

DiatrlbuUou.—l.biiver.sal, on decaying vegetable matter, producing decay 
in (lamp sitiiation.s. 

Qualities and Uses.— Litth; value can be attributed to this Order on 
account of ust'ful qualities; some of them, however, are eaten, e.specially 
the Trutiles and Morels. Morchella cKcnkmUt, the Morel, is imported from 
Italy a.s an arlittle of luxury. 'TuberU the genus funiishing Tniffle.s, whicli 
are highly esteemed for their peculiar pemdratiug tlavoiir. Tuber (r..<tinm 
is a llritisli .species, but it does not attain a large, size with u.s. T, meln- 
nDsimniin, mui/uiilniii, moseliuliou, Sir. are also used; most of those ini- 
porteil from Franc(‘ hehaig to the lirst of these species. The Vubjpureee 
nave a great eedebrity on account of the terribly destructive powers of 
tlie mycelium of varioiw s])ecii‘<, producing what is cianmoiily called 
“ dry-rotiii timljcr. Tlie lilamoiitous tlireads of the mycelium, corre- 
spomliiig to the cottony “ spawn " oftlii! Mushroom, insinuate thera.’elves 
into the iiit(*r,'tices of the lihres of wood, and c.vercisiiig a solvent action 
on the substance, break down and assimilate this tissue until the solid 
mass is entirely destroyed. Like otluu’ Fungi, these grow mo.st rapidly in 
damp and conliiied air: .so that tlie ‘ulrv-rot" is really a <l((inp-vot, resulting 
from the timber being too clo.sidv 'hut up from the atmosphere,which would 
keep it in a dry slate and not allow the growth of the Fungus. We sec an 
illmslration of this in the decay of po-ts, beams, &c. where they enter 
dump earth, at joints where damp lodges, or when they arc covered up, 
wliile creen and wet, with paint or other impervious materials, while iin- 
painted limber exposed freely to dry air does not suffer. The common 
drv-rot is jiroiliiccd by MeriiliuK ruxlulur, .\f. lueryuumx, and Polypurus 
(lexlriuiur; they frequently extend widely in the form of invisible myce¬ 
lium without fruiting when they ailack timber con-structions; tiieir fruit.s, 
often of very large size, are developed sometimes very rapidly, from parts 
of tlie myceruini which come to the surface of the wood: such fruits of 
I’nlypuri and Theliphme are very coniiiioii on rotten posts and trunks of 
trees. The fruit of Polyporus Mpiainosux has lieen found mom than 7 feet 
in ein’iiuiference, and weighing ■‘i-l lbs,, the whole the gi'owth of a few 
weeks. The solid leatliery substance of this fuiit is cut into slices and 
dried and used for making razor-strops; that of P. foiii('iitiiriu.<>Unmh 
into “ Aniiidoii’’or (ieruian tinder, by beating it into a kimi of piw<te, 
.soaking it in uitre, and drying it. ^ ^ 
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Order CLXXXII. SPHiERIACEiE. 


(Including part of Discomycetes and Pyrenomycetes of Fries, and of the 
Thecaeporece and CHnosporece of LiSveilltS.) 

557. Diagnosis .—Fungi vegetating by a floeculont royeelium (often 
parasitic on plants or even animals), producing a naked common 
receptacle of more or less horny texture, which bears, either in 
definitely formed groups on its outer surface (receiitaeles) or on 
the walls of chambers excavated beneath the surface and ultimately 
open extfemally (conreptacles), spore-sacs containing free spores 
(«.'■«), or (by adherence of the spores to the wall of the parent 
cell) rows of separable sporidia. 


Illustrative Genera. 

Tribe 1. Sph.®rieje. 

Sphseria, L. 

Hypoxylon, Itidl. 

Cordiceps, Tul. 

Tribe 2. Phacidie.®. 

Tympanis, Tod. 

Cenangium, Fr. 

Affinities. —The relations of Spheerieee and Phacidiece with Lichens are 
so close that it is difficult to point out any good distinctive character, 
beyond the absence of chlorophyll in the thallns of this Order. They 
possess similar reproductive organs, the spores being formed in receptacles 
and eoncepiacles corresponding respectively to the apothccia and perithecia 
of Lichens, containing either spores in asci or stylospores (metamorphoses 
of the same structure) which both occur also in Lichens; and sper- 
mogonia with spermatia are formed exactly in the same way ns in that 
Order. In Sphccrieee the receptacle is well developed, less so in Phaci- 
diecB and merely forming a more or less distinct peritheciura to the con- 
ceptacles in Uredinece and Po'ispoi eie. 

Distribution.— Universal; but mostly parasitic or upon dead organic 
structures. 

• Qualities and Uses.—The “ uses ” of these plants are not such as we 
are accustomed to comprehend under that -name, since they refer to the 
general a^eme of creation and not to human requirements ; some of 
them f^^wdeed, among the pests of cultivation, in particular instances 
capable of doing enormous Ynischief. Sphecrieee attack living and dead 
organic bodies; Cordiceps purpurea, which attacks the young pistils of 
Rye a%d other Grasses, developes its mycelium within the ovary into 
a solid mass, which forms the " Ergot,” so well known for its poison¬ 
ous prope^es; the receptacle grows up subseqiiently from this, after it 
has mllen‘from the ear of the Rye. Cordiceps Itohertdi, entomorrhita, and 
other species attack the bodies of living caterpillars, and gradually destroy 
aU the internal parts, and fill the skin with a solid mass of mycelium, 


Tribe .S. Urkdink.*:. 
Piiccinia, Pers. 
/Ecidium, Gmel. 

Tribe 4. PKnisroRE.®. 
Erysiphe, lledw.Jil. 
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■which after a tinip sends up a filiform or clavate receptacle hearing the 
conceptacles, as in the Ergot Fungus. Sphceria includes numerous 
species, ■witli less-developed receptacles, growing upon leaves, wood, bark, 
&c. of trees. Ihjpoxxjla grow upon decaying ■wood, probably exerting a 
destructive action ; when they are placed in situations unfavourable to 
the production of fniit, they often form large amoi'phous masses of hard 
fungoid substance, sometimes described as distinct kinds of Fungus under 
the name of Sclerotium, liliizoinorpha, &c. The Phacidiece grow on 
vegetable bodies, chiefly those decaying after the completion of their 
vital function, ns on fallen leaves, bark, Ac. The Urcdtnece attack the 
leaves aud herbaceous organs of living plants, their mycellium ramifying 
in the tissues beneath tlio epidermis, and pushing out perithecia (or con- 
ceptach;s) through the latter at various points ; they constitute some of the 
most noxious vegetable pests of agricullure and horticulture, Puccima 
ymniinix forming tlie “ Mildew” of Wlieat, the stylosporoiis forms of the 
genera of tliis same tribe (Iviiown ns species of Ui edo) constituting the 
‘‘blights,” “rusts,” &c. of corn and other cultivated plants, Colcvnpurima, 
the “ white rust ” of Cabbages, &c. &c. Among the Pcrispoi'efc, Erysiphe 
includes a number of epiphyllous Fungi, the mycelium of which spreads 
over the surface of living leaves, forming a cottony web obstructing 
growth and respiration, reproduciiig'itscdf on an enormous scale hyconidia 
or detached terminal cells of branches ( Oidium), as well as by spores 
formed in coiiceptacle.s. Tiie ^’ilte-lllihlew has been refeired to this 
tribe under the name of Oidium Tuckeri-, it appears rarely to produce 
perfect fruit. 


OiiDER CLXXXITI. 150TRYTACE/E. 

(Iitvludiiiy Ilnplomyreti’S qf Fries {■=: ITyphuimjciics ami Phjtomijcetea), 
Cynf.iipuriv/:, Ti’ichospoirm, aud Ai'thi’osporeee of l.ilveille.) 

n.o8. JJiaynosis. —(Fig. 408, p. 444.) Miero.scopic fungi vegetating 
by a flocciiloiit. thalln.s, often parasitic, of which the filaments rise up 
directly into simidc or ramified iiedicels, bearing at the extremity 
(or the ends of their branches) a free s])ore, a chain of spores 
(fig. 4(18, II, c), or an expanded cell filled vyith free siiores discharged 
by dehiscence (fig. 4(18, n). 

Illustrative (jenera. 

Tribe 1. Antennarie.e. ! Tribe tl. MrcKnixi^; • 

Anteiinaria, Corda. ' I’eiiicilliuiii, I.k. 

.\spergillus, Mien. 

Tribe 2. Dematik;k. llotrydis, Mic/i. 

Cladosporium, Lk. Tribe 4. Mucore.*. 

Bematiuin, P. Mucor, Mich, 

Affinities.— Tbe filamentous Fungi or “ Moulds ” are connected -with the 
Orders with a naked receptacle by the relation of Dematiece to Isariea, 



454 


8TSIEMATIC BOTANY. 


■whil^ tho Antemmnefp are probably allied to the cgnceptaciilnr Funjri 
through Perhpon'tp. lu Antmmriece the flocculeiit mycelium is highly 
developed, and the spore-frait is produced at once from it, the parent- 
cell of the spores being surrounded by a kind of false pentlweium growing 
up over it in the fonn of cellular filaments. In Pemutitw the mycelium 
is little developed, and the pedicels bearing the spores are rigid and dark- 
coloured : they are not clearly understood at present. In Mucedinea a 
tiocculent mycelium sends up solitary simple or branched filaments with 
the free points tipped with a single spore or chains of spores falling oil' 
when ripe; the mycelium is also freely increased by conidia, consisting of 
globular or oval joints of the myceliuni-lilanients, falling apart instead of 
growing out into flocks. In J/«cor.the fertile pedicels are tipped with a 
globular cell enclosing a number of minute free spores. In Si/zi/</ites there 
has been observed a proce.ss of “ conjugation ” like that of .some Alga?. 

Distribution.—I’niversal, fonning moulds, mildews, &c.; occurring 
constantly in infu.sions of organic matter and even cheniieal solutions, 
as “ mother," producing various fennentutions and decompositions. 

Qualities and Uses.—Some of tliese in.^ignificant plants are of vast 
utility to man through the chemical changes which tiiey produce in the 
substances in which they flourish. In their perfect forms they pre.'icnt 
themstdves as moulds, n'lildews, &-c.. ns in Mirror Muredo, the common 
mould of paste, A'c.; Pmtcillmm i/lfiiwiim, the blue, green, or yellow mould 
which equally or still more readily appears on decaying vegetable sub¬ 
stances; Aiipcri/iUiiii ylriiwuniihr green mould of cheese; liotnjtU ndt/nriit, 
a brown mould constantly attacking leaves decaying in a moist atmo¬ 
sphere cSrc. The Potato-fungus, Jhtri/fin iiifcnlan-'i, is another example. 
But some of these will grow e.xtensively and increase by vegetative 
reproduction (by conidia, or isolated c(‘lls throwm off by budding of th(s 
mycelium) to an almost unlimited extent in suitable media: thus Pchi- 
eillium gluuciffii grows in saccharine liquids, in the form of tiocculent or 
gelatinous ma.s.ses, constituting the curious object called tlu! X’inegar- 
plant,tho vegetation of which converts the solution of sugar into vinegar. 
This grows at ordinary temperatures. There is every reason to believe 
that the Yeast-plant, the gi'owth of which produces the “ fermentation ” 
of beer and other liquids, and the “ working ” of bread, is a mycelial form 
of Penmllium yhiucum, wholly composed of conidird cells which never grow 
out.into filaments, but bud continually into i\e,vr conidia under the in¬ 
fluence of the elevated temperature which is requisite to produce this fer¬ 
mentation. Hallier considers it to be tha conidial state of a Lrptothrix, 

(A detailed acchunt of the mo.st important phenomena exhibited in the 
development of Fungi, Lichens, and Algm will be found in the “ Micro- 

g raphic*Dietionary.” In the systematic study of these rinsses and of the 
rj’ptogamia generally, the student must have recourse to Mr. Berkeley's 
‘ BitooAuction to Cryptogaraic Botany.') 
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AliTIFICllL ANALYSIS OF THE CLASSES AND 
PEINCIPAL OEDEES*. 

Series I. PHANEEOGAMIA—FLOWEEING PLANTS. 

Div. I. Flowers with pistils containing the 

ovules in closed ovaries. ANUiosrEHJiiA. 

Div. II. Flowers imperfect and incomplete, con- 
sl.sting of scales, the female with naked 
ovules, on the margins or upper face of 
the scales, or isolated. G ymnospebitia. 

Div. I. Angiospermia. 

Class 1. Cross section of the stem (ixhihiting 
one or more complete rings of wood divi¬ 
ding a central pith from a separable rind 
or bark; leaves mostly with arborc-scenllv 
branched reticulated ribs: cul/jx and corolla 
mostly 5- or 4-metous; einhryo with two 

opposite cotyledons. Dicotyledones. 

Class 2. Cross section of the stem exhilnting 
the wood in isolated libii's, without distinct 
■ pith or bark^ hares mostly with parnlh'l ribs, 
or, if reticulated, with the second.arv ribs 
suddenly smaller; ealtjx and corolla tl-me- 
rous fperianths apparently (i-mcroiis) : cwi- 
iayo.with one cotyledon, or a rudiment of , 

a second alternate . HoNocoTYi.EDONits. 

Class. 1. Dicoiyledones. 

Subclass 1. Petals distinct, free, emerging 
directly from the receptacle; stamens 

hypogynous. A. Thalumiflorai (197). 

Subclass 2. Petals distinct or coherent, hy- 
pogyiious or porigynous ; stamens perigy- 

nous or epigynous . B. Cahjciflorcc (250). 

Subclass 3. Petals coherent, liypogynous or * - 

epigynous; stamens epipeta'lous, or more 

rarely hypogynous . C. Corollijlora (292). 

Subclass 4. Petals absent, or forming a green 
perianth with the sepals; sepals green (Jr 
coloured, sometimes abortive. 1). Incomplefa (^30). 

* The arrangement in the following Table is purposely made different in 

some particulars from that givep in the detailed list of Orders, so ns to increase 

i-u,. .tT.j —_ 3 ____ 


■ representatives of Orders commonly ( 
state or cultivated in gardens in this country. 
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STSTEMATIC BOIAKT. 


A. Thalamifloh-e. 

I. Placentas parietal. 

a. Seeds exalbuminous. 

♦ Flower regular. 

1. Stamens 6, tetradynamous . 

2. Stamens numerous.. 

3. Stamens equal to the petals, or 

double . I . 

♦* Flower irregular ....._ . 

b. Seeds albuminous. 

Jlower irregular. 

1. Stamens o . 

2. Stamens 0, diadelpbous. 

Flower regular. 

1^ Sepals 2 .... 

2. Sepals o, .tstivation imbrieated . . 

3. Sepals .5, m.stivation contorted .... 

n. Placentas covering tlie dissepiments. 

ni. Placentas nxile, or on the ventral suture of 
simple pistils. 

a. Seeds albuminous, with a straight embryo 
in the axis. * 

* Fruit composed of several separate carpel.s. 

1. Flowers' perfect, pcntamorou.s or 

tetrainerous. 

2. Flowers perfect, trimerous; trees or 

shrubs. 

Leaf-buds enclosed by .stipules, 

eestivation imbricated. 

Leaves ex.slipulnte, .estivation 
valvate . 

3. Flowers, through abortiou, dicli- 

, nous.. 

** Fruit compo.sed of 1 carpel, anthers de¬ 
hiscing by valves . 

Fruit two- or many-celled, composed 
of coherent carpels. 

1. Flowers irregular, perfect. 

2. Flowers njgular, diclinous 'by 

abortion. 4 .. . 

3. Flowers regular, perfect. 

Siamens opposite the petals .. 

» "Stamens alternate, nionadel- 

phous...'. 

’ Stamens alternate, distinct.... 

Stamens numerous, free or poly¬ 
adelphous . 

' . A 


Cruciforrf, 14. 
Capparidacv(e, 15. 

Tamaricaceee, 22. 
Hesedacece, 10. 

ViolacctF, 20. 
I'umariaceef, 1.3. 

Paparn'dcco!, 12. 
Dmsvraccfe, It). 
Cutaeexf, 10. 

Nymphaacece, U. 


Rniumciducece, 1. 

Maynoliacea:, 3. 
AnonacfO', 4. 
Meiiupennaccee, 5, 
Berheridacea, 8. 

Polyyalacecp, .35. 

Xanthoxylacem, 47. 

Vitaceep, 60. 

Oxtdidacea>, 41. 
Itntacea, 46. 

TUiaceee, 27. 
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b. Seeds albuminous, with the embryo curved 


round the albumen (in part apetalous).. CaryophyUacecB, 23. 
c. Seeds e-valbuminous. 

* Flowers regular. 

1. Fruit a man 3 '-cellod capsule. 

Stamens definite, distinct. Elutinacece, 32. 

Stamens definite, monadelphous at 

the base . LinacecB, 40. 

Stamens numerous, polyadelphous . Hypericacea, 31. 
Stamens numerous, distinct or co¬ 
herent at the base . CamelUacece, 29. 

2. F’ruit of several carpels arranged 

round a columella. 

Stamens numerous, monadelphous, 

with 1-celled anthers. Malvacea, 24. 

Stamens definite, monadelphous; an¬ 
thers 2-celled .'.. Gcraniacea, 42. 

3. Fruit suceuleiit (heaperidium). Aur(mUace<e, 39. 

4. Fruit a 2-lobed samara. Aceraceee, 34. 

** Flowers irregular. 

1. Calyx not spurred, o-merous; em¬ 

bryo cur\ ed .. Sapindaceen, 33. 

2. Caly.x spurred. 

liinbryo curved . Eetkammacefe, 43. 

Embryo straight. Tropecokceee, 44. 


As a rule the Thalamiflonu are polypetalous. Some Riitaceso and 
Anonaceic are raonopetalous. Apetalous genera and species occur in 
Uanuneulaceie, Jleuispormaceic, Papaverncoie, Oaryophylfacea), Byttne- 
riaceai, Tiliaceie, Oeraniaceas, liutaceie, Xanthoxylaceie, &c. 

Some of the foregoing Thalamifiorous Orders include native species in 
which the petals are abortive, especially liaiiunculace® and t'aryophyl- 
laeeiD: this is more frequently the case v^-itli exotic species of those and 
other Orders of this Subclass. 


B. Calyciflok.®. 

Bolypetalffi. 

51 Placentas parietal. 
a. Seed exalbuminous. 

* Flowers perfect ..* Caelaceee, 76. 

** Flowers diclinous'.t. CttcurhUacete, 72. 

h. Seeds albuminous. 

* Stamens epigynous. _ 

Stamens 6, distinct.r. Jiibesiacea, 76.. 

Stamens 5, monadelphous. Pasttjloracea, 71. ' 

Stamens numerous.,. Mesembryanthaeeft, 69. 


X 
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sTsnuTAnc boiajtt. 


*• Stamens perigynous. 

Leaveis ■mthout stipules . Pohidacaccee, 68. 

(Some Saxifragacete, 65.) 

Leaves with stipules. Parongchiaceee, 67. 

n Placentas axile, or on the ventral suture 
of the separate carpels. 


a. Seeds exalbuminous. 

* Leaves with stipules. 

1. Fruit free, a legume or lomen- 

tum ....* Zegumtnoso!, 55. 

2. Fruit free-, n dmpe ;. (Amygdaltce), 56. 

3. Fruit a succulent or dry etoerio, 

' or a succulent or dry cynarrho- 

dum . Posaceee, 56. 

4. Fruit a pome, with a core or 2-5 

stones, and a superior calyx .. ( Pomea), 50. 

*• Leaves ex.stipulate, 

1. Fruit with the calyx adherent. 

Stamens and petals numerous Cahjcanthaccrs, p. 203. 
Stamens numerous, petals 5 .. Mgrtncem, 57. 
Stamens definite. Onngrari-^, 62. 

2. Fruit free, 1-oelled, 1 -se(*ded . . Anucardiacete, 5.3. 

3. F^uit free, surrounded by the 

calyx, 2- or many-celled .... Lyihrace€e, 64. 

4. Fruit ,of free, simple, many- 

seeded carpels, standing in a 
circle. (Some Crassulaceee are 
monopetalous.) . Crasetdacetg, 66. 

b. Seeds albuminous. 

* Ovary wholly or partly free. 

1. .Stamens opposite the petals. Phamnaceee, 52. 

2. Stamens alternate, connected at the 

base with the petals . (^Aquifoliaceee), 96. 

3> Stamens alternate,.^inserted on an 

hypogynous disk. Celastracete, 61. 

4. -Stamens alternate, perigynous, de¬ 
finite . Saxifragaccce, 65. 

6. Stamens alteinate, parigynous, nu- 

■^erous . . .. (PkUade]pheai), 65. 

Ovary quite inferior. ■* 

1. jEstiration of petals imbricated .. Hahragticeee, 63. 

2. .dElstivation of petals inrolled, fruit 

^ atcremocarp . VndxUiferce, 78. 

8, ^Estivation of petals valvate, fimit 

« abefrjr—. JraUacM, 79, 

4. .dEMivation of petals valvate, 

a drupe.,.;..’.C. ComaceeBfSO. 
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ANALYTICAL TABIB OP OBDEBS, 


II. Monopetalas (oyaiy inferior). 
n. Anthers distinct, stamens adherent to the 
corolla. 

' Ijeaves opposite, with small interme¬ 
diate stipules, or whorled with equal 

stipules. 

** I,eaves opposite, wdthout stipules. 

1. Stamens opposite the petals . 

2. Stamens alternate with the petals. 

Ovary many-celled, seeds albumi¬ 
nous . 

Ovary 1-celled, seeds albuminous . ., 
Ovary l-celled, seofls e.valbuminous 
*** Leaves alternate, without stipules.... 
6. Anthers distinct, stamens hypogynous .. 
c. Anthers coherent (.syngenesii)us). 

* Flowers collected into capitula. 

•* Flowers solitary, irregular . 


RvMacea, 82. 
Loraniiutcecf, 119. 


CaprifoUacecB, 81. 
mpsaceai, 84. 
Valeriaitacece, 83. 
Campanulaccce, 87. 
( Vaccimea), 88. 

Composites, 85. 

Loheliaccce, 80. 


Some polypotaloiis OalyciHor.u have the stamens inserted at the very 
base of the caly.\, so as almost to resemble Thalamiflorm, as in Legumi- 
noste and Portuhicacbio. Apetalous genera and species occur here also, 
among the Leguminosre, Rosacii.'c, Myrtaceaj, Haloragacem, Rhamnaceae, 
Colasiruceas, Lythracote, I’ortulacaceie, Saxifragaceso, Loranthaceas, &c. 


C. ConoLLiFnoR^. 

1. Flowers regular. 

II (Stnmens hypogjuious, anthers dehiscing 


by pores . Ericacea, 88. 

Stamens hypogj'nous, anthers opening by 

slits)... {Rutaceai), AQ. , .i. 


^51 Stamens adherent to tho corolla, anthers 
dehiscing by valves. 

a. Compound ovary not deeply lobed exter¬ 
nally. 

* Stamens alternating with the teetli of 
the corolla. 

1. Stamens mostly 5, rarely 4 or 0. 
t Seeds ^Xalbuminous. 

Embiyowith plaited cotyledons Convobnilaeea, 102. 
Embryo without distinct coty- * 

ledons .__»• • (^Cuscutets), 102. 

ft Seeds albuminous. 

Leaves opposite, without stipules Gefktanacea, 08. 
Leaves opposite, with stipules . Logatnacea, 97. 

. Leaves altemate; capsule 2- • 

celled (rarely many-celled)., Sglanacea, 103. 

2. Stamens 4 or 1, corolla membra- ' 

naceous . u/i -.1... ElaniaginaeMf^l-- 

3. Stamens 2 .. ...v.j* Okae«9,B&.'' 
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Stamens opposite the teeth of the 
corolla. 

1. Ovary 1-celled, 1-ovuled . PlumhaginaceeB, 92. 

2. Ovary 1-celled, many-ovuled,^vith 

a free central placenta. Primulacvce, 03. 

h. Ovary of 2 more or less united eaipels 
(separating in the ripe fruit), with 
stigmas confluent. 

* Stigma discoid, free; stamens distinct, 
pollen pulverulent, sestivation of co¬ 


rolla contorted. Apocynaccce, 09. 

•* Stigma 5-angled, antliei's adherent to 
the stigma, pollen waxy, lestivlition 

of corolla mostly imbricated. Ascfepiadacccfi, 100. 

c. Ovary deeply divided into 4 lobes, sepa¬ 
rating in the ripe truit . liorapinacea-, 104. 


II. Flowers irregular; perfect stamens almost 

-1_ _ t _ «- iv . _ j ? .1_ 


always less than 5, often didynamous. 

^ Ovary deeply divided into 4 lobes, sepa¬ 
rating w'lien ripe. Labiatee, 10.5. 

Ovary not separating into lobes. 

a. Ovarv 2-4-celled; seeds solitary or 2 in 

eacli cell .*. Verbetiarea’, lOti. 

b. Ovarv 2-ceIled; seeds winged, many in 

eacli cell, exalbuminous. Biyncmiacco’, 108. 

c. Ovary 2-celled;. seeds wingless, attached 

to hard placental processes, exalbumi¬ 
nous; bracts mo.stly large. Acanthaceef, 107. 

d. Ovary 2-celled, seed albuminous. tScruphuluriuveff, 111. 

e. Ovary 1-celled, with parietal placentas, 

seeds albuminous. 

1. Leafless parasites . Orobanchaceff, WO. 

2. Leafy plants; calyx half adherimt.. (iemcr(u;e<e, 100. 

f. Ovary l-celled,w'ith free central placenta; 

stamens 2, anthers 1-celled, seeds with¬ 
out albumen. Leidihulaccrp, 112. 


Some Ericacese, Primulacem, Plumbaginaceae, have polypetalous 
corollas and hypogynous stamens. Some Primulaceffi and Oleaccic are 
apetalous. 

« 

D. ilOSOCHLAMYDE.*:, 

A. With a distinct whorled perianth. 

I. Flowers perfect (with stamens and pistils). 

H Ovtny superior. 
a. Ovary 1-celled, J.-seeded. 

* Leaves stipulate, ochreate. Polygonaceee, 113. 
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** lipavcs exstipulate. 

1. Anthers bursting by lid-like 

valves . 

2. Anthers bursting longitudi¬ 

nally. 

t Peiiuiitb long, tubular. 

!■ Perianth forming a hard enve¬ 
lope to the fruit . 

tj Perianth not hardened. 

Stamens in the points of the 
segments of the perianth. 
Stamens in the tube of the 

perianth . 

tt Perianth short, segments sepa¬ 
rate nearly to the hose. 
Stamens opposite the segments. 

blowers with bracts. 

Flowers without bracts .. 

h. Ovary coiupo.sed of .several carpels, 
s(>parato or combined into a 2- or 
many-celled ovary. 

♦ r.eaves (.■.istipulate . 

** Leaves .stipulate. 

Ovary inferior. 

a. Ovary 1-celled . 

It, Ovary 3-l5-celled... 

II. Flowers diclinous. 

Ovary superior. 

a. Ovary 1-celled, 1-seeded. 

♦ Leaves exstipulate. 

Perianth tubulai'. 

Perianth short, segments deeply 

divided. 

•• Ijoaves stiptdate. 

b. Ovary many-celled. 

* Leaves exstipulate. 

Ovules suspended. 

Ovules ascending. 

** Leaves stipulate. • 

Flowers in catkins .'. 

Flowers not in catkins . 

Ovary inferior. 

* Leaves exstipulate. 

Flowers in catkins. 

Leaves alternate ....' . 

Leaves opposite .. 


Lauracea, 117. 


Nyctaginacete, 114. 


Proteacea, 123. 
Tltytnelaoece, 121. 


Amarutttacem, 115. 
Chenopodiacea, IIG. 


Phyiolticeacea, p. 339. 
Ulmaeeae, 127. 


Suntalacea:, 120. 
Arixtolochiace(e, 137. 


MyriaticacecB, 118. 

Chmopodiaceat, llfi. 
XJrticaceai, 126. 


Euphorbiaceee, 124. 
Empdracete, p. .346. 

Bettdarete, 131. 
Euphorbiacea, 124. 


Myricaceee, p. 366. 
Juglatidacets, 120.. 
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SYSrEMATIC BOTANT. 


•• Leaves stipulate. 

1. Fruit in a cupulo . Cupuliferce, ISO, 

2. Fruit naked. 

Fruit .<imple. ( liegoniacete), 7S. 

Fruit multiple (sorosis) .... (Arfocaipeee), 12(5. 


11. With perianth in tlie form of bracts or ab¬ 
ortive. 

I. Flowers hennaphrodite. 

Ovary 1-ceUed, l-seeded; ovule erect .. Tipcracea, 134. 

II. Flowers diclinous. 

• (i. Ovary 1-celled. 

* I^eaves exstipulate; flowers in catkins Nyrkaeea, p. 365. 
** Leaves stipulate. 


t OvBles numerous, seeds comose.... SalU:ace<p, 1.32. 
tt Ovules solitary or twin. 

Ovule erect’.. Myricacece, p. 355. 

Ovule pendulous . PUitanacece, 128. 

b. Ovary 2- or more-eelled. 

Fruits usually tricoi'cous . JHuphorbtaceeF, 124. 

Fruits indehfscent, .seeds jieltatn .... Callitricitaeeu, p. 360. 


Apetulovs Jinwers 

occur by abortion in the following Orders:— 

A. Thalamiflora : Ranunculace®, Menispermace®, Papavernce®, Carj'O- 
phyllace®, Sterculiace®, Tiliace®, Gernniaee®, Ilutace®, &c. 

B. Calyciflor<p : Celastraccic, Rhamnaee.'e, Leguminos®, Rosace®, Ly- 

thrace®, Mvrtace®, Ilaloragace®, Uueurbitace®, Passifloraee®, Por- 
tulacaceao; feaxifragace®, Loranthace®, &c. 

0. Corolliflora : Oleace®, Primulaee®. 

D. The affinities of the Order Myristicnce® are to the Tlialamiflor®; of 
the Begoniace® to the Calyciflor®, such as Cucurbitocc®. 

Class. 2. MoNocoxmDosKs. 

Subclass 1. Flowers with a double S-merous 
petaloid frarely scaly) perianth, or with 
a green 3-merou8 calyx and a petaloid 

3-merou8 corolla.. 

Subclass 2. Flowers without a perianth, or 
with a few, scales or bristles, the whole 
arranged on a spadix naked or enclosed 

in a spathe . 

Subclass 3. Florets enveloped in imbri- 
" eated, mostly keeled, green or brown 
scales^ not IQ ^regular whorls. 


A. rdaloidetB (372). 

B. SpadiciflortB (366). 

C. Olumiflores (396). 
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A. Petaloidbab. 

I. Ovary superior. 

а. Flowers perfect. 

• .Seeds exalbiiminous . AUsnuiceee, 166 

** .Seeds albuminous. 

1. Perianth scale-like. 

Leaves pinnate or palmate . Palmacea, 1.38. 

Leaves grass-like. Juncacea, 146. 

2. Perianth petaloid. 

Fmit capsular, septicidal; stamens 

0, extrorse .;. Melanthacea, 144. 

Fruit capsular, loculicidal; stamens 

0, introrse. LiHacect!, 143. 

Fruit a succulent berry . Umilacece, 142. 

б. Flowers diclinous . 142. 

II. Ovary inferior. 

a. Flowers diclinous. 

Loaves with netted veins, seeds albuminous Dioscoreacea, 141. 
Leaves with pai'allel veins, seeds exalbu- 

minous. Hydrocharidacea, 164. 

h. Mowers perfect. 

• Flowers regular. 

1. Stamens 8, extrorse . Iridweai, 162. 

2. Stamens (i, introrse. 

Leaves hard, channelled, often scurfy; 

calyx and corolla mostly distinct. Bromeliaeets, 16.3. 
Leaves soft; perianth uniform .... Amar;/llidace<e, 161. 
Mowers irregular. 

1. Stamens 6 or li . Musaeecc, 150. 

2. Stamens usually 1, free. 

Anthers 1-celled, filament petaloid . Marantacea, 140. 

• Anthers 2-celled, filament not pe- 

taloid . Ziiigiberacete, 148. 

3. Stamens 1, sometimes 2, gynandrous. Ordtidacea, 147. 

11. Spadiciflob.*. 

1. Flowers on a distinct spadix. 

a. Leaves mostly netted-veined, spadix en¬ 

closed in a largo spathc, perianth absent, 

fruit succulent. Aroideo!, 140. 

b. Leaves parallel-veined, broad and grass- 

like. 

* Stamens very short, perianth a few 

scales. (Acorea), 140. 

*• Stamens on long filaraeiits, perianth ’ 

scaly or hairy... Byphacea, p. 869. 
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II. Flowolv on a spadix reduced to a short pe¬ 
duncle, nalfed or surrounded by a spatne. 

a. .Seeds e-valbtiininou.s . Nuuulaeete, 15(>. 

h. Seeds albuminous. 

Stem and leaves blended in Hat floating 

fronds . , . Lt‘mnace<c, p. .‘>71. 

0. GnuMiFr.on.E. 

I. Stem solid; leaf-slieaths tubular, not slit; 

glume 1, the flower in Its axil; embryo 

basilar, within the albumen . O/yjernciYC, 15''. 

II. ’Stem fistular; leaf-.sheaths slit; glumes 

mostly in pairs at the base of a .spikelet, 
of 1, 2, or several flowers; embryo ba.4- 
lar, outaide the albumen. Gnimiiiacfer, 157. 

Div. II. Gymnospermia. 


I. .Stems branched, ro.'*embling Dicotyledon.-*: 
leaves simple. 
a. Stems contiuuon.s. 

Fertile carpels several in n cone. Pi/meiw, lof). 

Ovule .solitary, surrounded by,scales... . Tn.racKr, KiO. 
h. Stems jointed . fr'ticfaeref, UM. 

H. .Stems sitnple, resembling Palma; leaves 

pinnate.;. Cyemlacecf, 102. 

Scries II. CRYPTOGAMIA—FLOWERLESS PLANTS. 

Div. I. With stem and leaves (llstinct. ANOiosi'on.T.. 

Div. II. With a thallu.s. Gymno-spoiiak. 


Div. I. Angiosporse. 

I. Plants with well-developed foliage. 

«. Fructification on the lower surface or edge.a, 

or on metamorphosed lobes, of the leave's. Filices, 1(>7. 

1. Sporanges with an annulus, dorsal or 

marginal, .splitting,iiTcgularly . (Po/i/podirec), li)7. 

2. .Sporange.s without an annulus, dorsal, 

connate, splitting regularly by a ven¬ 
tral slit. (yfaratlierr), 107. 

3. Sporanges with an ob.scure annulus, on 

metamorpjiosed pinnte of the leaf_ {Ommndca:), 167. 

4. .Sporanges without an annulus, <H.stinct, 

2-valved, on the margin of nietanior- 

lobes of the leaf .. (^Ophtot/lomiea’), 107. 
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b. Sporangc8 in the axils of iinbricatod 
leaves, or of bracts forming’ terminal 
spikes. 

1. Creeping plants with elongated stems 
clothed with imbricated leaves; spo- 
ranges scattered or in spikes. Lycopodiacete, 164. 

‘2. Plants with a conn-like stem bearing 
a tuft of sessile leaves with sporanges 
imbedded in their axils. Iso'etacea, 165. 


c. Sporanges in stalked spore-fruits, arising 

from tl>e creeping or floating rhizome' 

near tluj bases of the leaves or petioles. . MaraileMetP, 1C>6. 

d. Minute tufted or creeping plants with im¬ 

bricated leaves and .stalked or se.ssile 
urn-shaped or oval sporanges ari.sing 
out of a vaginiile or involucral sheath. 

* Leave.s mostIv .spirally imbricated; spores 
without ehiters. 

1. t'a]),sules with a columella, with an 


t)])i'reiilum or indehiscent. Jiryacees, 168. 

:2. (’ap.sule.s witii a columella, bursting 

h_v 4 lateral slits. Aiidrepaci'tr, 170. 

** Leaves distiehous, capsules splitting 

into 4 valves, spores mixed with claters Jtinyennaiwiacete, 171. 


11. Plants with abortive foliage, consisting oi 
simpli’ or verticillately branched, jointed, 
li.«tular stems, with whorls of teeth (leaves) 
at the joints . Eqituetaceis, 166. 

ni. Inconspicuous jdants with a green thglloid 
frond with or without a midrib, bearing 
vagiuulate sporanges immersed or stalked, 
or peltate receptacles with numerous spo- 
rauges. 

1. Sporanges immersed or sessile, bur.sting 

irregularly, without claters . llicciecc, p. 426. 

2. Sporanges a.s in Jiingermanniaci’a; {ride 

•tuprii) . JunyrnnauniaretF, 17\. 

6. Sporanges pod-shaped, 2-valved tvith a 

collumella.,. Anthocerotecp, p. 424. 

4. Sporanges numerous, tin the underside of 
peltate stalked receptatdos arising from 
the sinuses of the frond. Mavchantiace<s, 172. 


IVL Aquatic plants with verticillately branched 
stems composed of tubular filaments, root¬ 
ing; fruit consisting of solitary ovate spores 
(nucules) and globular 8-valved antheridia, 

attached to the whorled branches . Characetg, 173. 

X 5 
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smSHATIC BOTAMT. 


Div. II. Oymnospone {Thalhjphytts). 


I. Aquatic plants, with a coloured Ihallus, jjrow- 
iiijr in water or on damp prround, leaf-like, 
filnnientous or granular; fructitication sub¬ 
merged . 

1. Thallus leaf-like, filamentous or incnisting, 
mostly red or purple; fructification scat¬ 
tered or in receptacles, consisting of 

spores, antheridia, and tetraspores. 

a. I.ike the preceding, hut olive i>r brownish 
d. Thallus leaf-like, cOrd-like, shrubby or 
filamentous, mostly olive or brown: fruc¬ 
tification in conceptaeles. colleeted in re¬ 
ceptacles: conceptacles containing either 

spore-sacs or azitheridia or both . 

4. Olive-coloured or brown Seaweeds, with 
superficial or terminal spore-sacs produ¬ 
cing zotispores with "2 cilia, one pointing 

forward, the other backward.! 

o. Thallus usually green, ino-stly filamentous, 
or consi.«ting of (•(■Ilular masses imbedded 
in definite or indefinite jelly; frnctitiea- 
tion occurring in all cells, consisting of 
gonidiu, active (zoospores) or motionh'ss, 
ami spores which are matured in parent 
cells after conjuga^on or fertilization by 
spennatozoids .. 

6. Filamentous plants, composed of jointed, 

sheathed filaments, simple or comliined 
into bundles in a coiniiion sheath, ofUm 
with a spontaneous oscillating motion . . 

7. Unicellular plants with angular, or vari¬ 

ously curved walls, free or associated in 
definitely urrangtHl families, multiplied 
by fission, by zoospores, and by spores 
formed in sporanges resulting from eon- 
jugntion . 

a. f!ell-wall membranous, contents greeti . 

b. Cell-wall imbued with silica, contents 

brown . 

8. Globular or quadrangttlar hynlino micro¬ 
scopic aquatic bodies, containing green 
zoospore-like bodies whose cilia project 
from the surface of the common envelope 
and it about. 


Alga, 428. 


Shodoiipcrmea, 174. 
Dictgotueea, p. 4,'14. 


J'uettL( a, 170. 


Phauxjm'Ke, ]7t>. 


Confervoidea, 177. 


OscUlntnriacea. p. fid!). 


THatomarea, 178. 
(Dcumidiea), 178. 

(Diatotnea), 178. 


Volvocinea, p. 440. 


tl. Plants growing over rocks, bark of trtjes, 
earth, &c., attached by hair-like fibrils; 
thallus leathery, crustaceous or pulverulent; 
firuit guporfidail or immersed in the thallus Lichenacea, 170. 
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III. Plants with a cottony th<dlu8 or mycelium 
devoid of chlorophyll or starch, growinjy in 
living or doeayinjr organic matter; fruits 
distinct from tlie tlinllus, on n more or less 
developed receptacle. 

1. h'ungi with distinct flesliy, homy, or gela¬ 

tinous fruit of definite form, consisting 
of n common receptacle developed in the 
interior of a dehiscent or indehiscent sac 
or peridium. 

2. h'ungi witli distinct fleshy, horny, or gela¬ 

tinous fruit, consisting of a naked com¬ 
mon receptacle bearing the spores. 

.‘1. Fungi wdth a distinct or obscure fruit, 
often immersed in the supporting object; 
hollow conceptacles or open discoid re¬ 
ceptacles lined with asei or stylospores.. 

4. Microscopic Fungi, forming mildews, &o., 
cousistitig of a flocculent thallus with 
numerous erect branched or simple fila¬ 
ments bearing acrogenous spores or sacs 
filled with endogenous spores . 


Fungi, p. 443. 

Agaricacea, 180. 
Exidiaceee, 181. 

Sphariacea, 182. 

Botnjtttceee, 183. 
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PART III. 

PHYSIOLOGY. 


CHAPTER I. 

PHYSIOLOGICAL ANATOMY OF PLANTS. 

Sect. 1. Tnz Strcctukk ok Plasi-s. 

5.59. The Physiolofrj'of Plants ia that rtepartmeiit of Botany wluoh 
treats of the phenomena of the Life of Plunt.s, innnifestod in a series 
of chanjres taking place in the diverse parts of which each plant i-; 
composed. 

Tlieso parts, as we have alre.ady seen (MonpiroLoov, Chap. I.), 
are not simply fragments, combining to inerea.se the bulk of the ob¬ 
ject (their size alone having no definite relation to that of the 
entire plant), but they are instruments, variously occupied in per¬ 
forming the different fuiiction.s, the continuous ojicration of Avliich 
indicates the exi.stence of Avhat we call Life. These iii.stniinents 
ai^n called Onjnns. 

’ihe external chnmcters of the Organs of plants, genernllv. have beini 
described in the First Part of this work, and a .siiinniary indication of 
their functions has been conveyed by their cl!i.«.sificntion under thi^ bends 
ofVegetative and Reproductive Organs (5 Pd). But the object of the 
Morphological chapters was to jMjint out the conditions and relations of 
Form, ns produced by the external .shapes of the individual organs and 
their mode.s of combination. Here we have to oxainine the phenomena 
of Vitality, as displayed in the changes they preseht in the course of the 
Development, Growth, and Multiplication of Idants. 

In the pursuit of this ifiquiiy, it is .soon found that we cannot go far 
‘without penetrating mcje deeply into the characters of Organs; for it i.s 
quickly perceived, as might lie L-'nthered even from the manifold variatioii.H 
on each type discovered in the study of Morphology, that mere external 
form is no sure indication of the nature of the vital functions pi^rformed 
by the organa of plants, and that the physiological character ot an organ 
is dependent in meat part upon its internal composition, or, at least, that 
the existence of a particular intenud structure chiefly determines the 
function of aif otgau. 



STHTJOTTOE OF PIAITTS. 


'469 


560. The physiological Organs of plants arc themselves composed 
of a number of parts, which again exhibit a kind of completeness 
of their own, and a relation to the organs analogous to the relation 
of the latter to the entire plant. These ultimate parts of organic 
bodies, arrived at long before wo reach the limits of the possible 
mechanical divisibility of the objects, constitute the “ atoms,” 
physiologically speaking, of plants, and are called the Elementary 
Onjane. ‘ ' 

AVhon we proceed to subdivide by mechanical or chemical means the 
substance! of the vegetative or reproductive organs, we resolve it into a 
number of microscopic vesicles and fibres; agd then, if.we attempt to di¬ 
vide these further, their distinctive character is lost, and thev become 
mere fragments of vegetahh* matter, only certainly recognizable as of 
organic origin by their chemical composition. Under certain limitations, 
we may compare a plant, or an organ of a plant, to a crystal. Each has 
its definito character by which it is possible to distinguish it from any 
other olncct. Hut we might pulverize the crystal, and yet any one frag¬ 
ment of sutficient size for operation would disjjlay to the analyst all 
the chemical qualities of the entire cr_vstal; and if we dissolved"^such a 
fragment and crystallized it upon a slip of glass, we should perceive by , 
means of the microscope that it solidified into a miniature representation 
of the original crystal; morenv(!r, if we then collected all the fragments 
and dissolved theni, we might by careful evaporation reproduce a crystal 
exactly like that from which we started. 

In S'egetahles fas in Animals) the case is entirely different. When 
w(> cut a ])lant in pieces, tlu' parts will dilfer not only in fonn but in 
structure, and bear no longer any recognizable relation to each other; 
we cannot reproduce the plant from them, and even the chemical ex¬ 
amination qf aiffereiit fragments may give most diverse results—ultimate 
analysis nloiu!, by which they are resolved into their mineral elements, 
arriving at the dctcctioi! of a common bond among them, that of being 
formed of couqtonrids which we only meet with in organic matters. Ahjove 
all. in the act of subdivision, although this may be carried to a high de- 
gri'e in plants without destroying life (even sometimes within the limit 
of single organs), beyond a certain point it results in the annihilation of 
the especial force, the organizing or vital principle, bv which the organs 
were made to combine their activity to produce the ilistinctive character 
as an indi'pendont individual object. 

,561. The diversities of form and consistence of the Elementary 
Organs give rise to all the differences of physical condition in the 
organs of vegetation and reproduction ; a’lid ill tliose changes which 
collectively constitute the Life of plants depend on the combination 
of a multitude of minor operations which have their seat in the 
elementary organs, singly or as combined into tissues. The study 
of the Elementaiy Anatomy is therefore the only secure foundation 
upon which to build the Physiology of Plants. 

562. The elementary organs of plants are all referable to one 
primary type, which is not only recognizable through a comparison 
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of the fully developed modifications, but is found io bo the form in 
which all originate. 

This fundamental organ of vogotablo structure is called a Cell, 
and may bo defined as a dosed sttc composed of solid membrane and 
JiUed with fluid or semifluid matter. 

It must not, however, be overlooked that living plants can exist, at 
least for a time, without any bounding cell-inerabmne. The perfect cell 
is taken as the fundamental organ for convenience’ sake, and because 
it presents a definite form ; it is not to be regarded as the ultimate 
stimctural unit, because detached fragments of it are capable of in¬ 
dependent e.xistencc under certain circumstances. 

The form of the sac. and the consistence of the membrane of whicli it 
is composed, are points of subordinate importance; the condition of the 
fluid contents and tlieir more or less heterogeneous character are like¬ 
wise without influence upon the definition of the perfect cell as the primary 
element of the organic structure of plants ; in which the absolutely ess»‘n- 
tial characteristics are—the existence of a membrane or coat fonning the 
boundary of the individual cell, and the omtimU. isolated by this boundary, 
on which depend the physiological eflieiency of the cell. 

.563. The cell is the elemoutary organ of vegetable structure, but 
is not the smallest or ntost simple definite form in whieh orgaiiie 
matter may exist in plants. In the contents of cells we find granules 
of various kinds ttc.,* and also fibres ; the former, however, arc not 
direct constituents of tissues, hut occur only among the cotitents of 
cells, as more or less transitory conditions of assimilated matter; 
while thb latter merely form parts of the structure of the ccll- 
membrane. 

Under the bead of these granules, we comprehend chlofophvll-cor- 
poscles, starch-grains, &e., together with filamentous bodies like the 

r matozoids of the higher Cryptogamia &c. Miuiy authors describe 
what are termed utricular structures, minute ceils within -the cells ; 
but considerable doubt exists as to the essentiality of the caviti(;s which 
render some of the “ granular” bodies vesicular, and, in any case,the coat 
of the hollow granules has no analogy to the wall of a true cell, since 
it is the active and efficient part of the ” utricle.” Further notice of these 
‘structures is reserved for the description of nuclei, chlorfjphyll, Sic. 

In regard to the fibre/t, those which were formerly regnrded as distinct 
firom the ipembrane of the cell are merely thickened portions of the wall, 
depending on what are called secondary 'deposits. 

664. Plants of the lowc-^t organization consist of the ultimate or 
demoittary organs in their simplest forms, and may evon bo so 
ample as to consist of a single elementary organ or cell. A stop 
higher, we find plants composed of a few cells connected together 
into a definitely arranged group in their earlier period of existenex), 
and snbscqnently separating entirely into tho constituent cells, each 
of which layn the foundation of a colony. 

Example^ oP Unicellular plants, ift ^it stricter soise of the word, ore 
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furnished by the frpe Desmidiets &c., such as Chaterium (fip. 462, B, c)— 
of the families of e.ssentially independent cells, also included under the 
name of Unicellular plants by some authors, by the geometrically grouped 
DemtidiM (fig. 4(i2, n, a) and the PalmeUeiB. 

5(5/5. By far the greater part of the species of plants are composed 
of an indefinite number of cells permanently .combined together, 
forming what are termed the fitsuen. If the cells entering into the 
eomixwitioii of a tissue are essentially alike, they form a simple tissue; 
if cells which have undergone modifications which give them an 
essentially diver.se character are combined in an anatomically well- 
deliiied tissue, this is called a compound tissue. 

In the Alga.', e.specially the simpler membranous or filamentous forms, 
we may readily .sta; tlio uniformity of the character of the cells throughout 
(lie lliaUu< (p. i'27) ; the ■•^nme uniformity prevails through the cells of 
such ti,s.sues a.s Ihe pith of Ujeolyledonous stems &c. Hut if we examine 
the wood sun'ounding this pith, or even the ribs running into the leaves, 
we find ii variety of conilitions of tlie elementary organs within the woll- 
detiiud limits of tlu'so portions of woody tis.sue. 

5()(). The simple tissues of plants are divisible again into two 
primary groups, according to the mode of union of the constituent 
cells. In proper Cellular Tissues, ihti cells, however firmly coherent, 
are only in coutact by their widls, which form a persistent boundary 
betwei.'ti them. In a series of tissues most extensively developed in 
plants of high organization, the cells enter into closer relation, be¬ 
coming coniluent by the ahsoqition of their contiguous surfaces, 
and thus converted into more or less extensive tubular bodiot, which, 
in their various conditions, form what are called the ducts and vessels 
of plants. These constitute the l'(/sru/«r jTw.fims. 

What arc called the vessels of plants arc really compdtmd elementary 
organs; hut it is not I'equisitc to cuter into more iniiiute distinctions here, 
since the phenomena of fuitiun of cells into such compound organs are not 
very varied in ]»lants, and in all ca-ses the composition of the structure 
from a number of distinct cells is very evident. 

507. The tissues, simple and compound, enter into the compo¬ 
sition of the Organs of Vegetation and Kcproduction of Plants upon 
a certain general plan for any particular kind of organ, but under 
.specially modified arrangements, referable to a progressive series of 
tyja's, in the several large Cksses of the Vegetable Kingdom. 


Sect. 2. The Cell. 

Form and Magnitude. 

5(>>^. The shapes and sizes of the cells of plants are determined, 
by causes of two kinds, namely t--'^eir own laws of gjrowth, which 
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are inborn and hereditary; and the favourable or obstructive influences 
which bt'ar upon their development in each particular case. 

As a general statement, it may be said that the primary form of 
the Vegetable Cell is that of a sphere : and that deviations from that 
t)'pe are more or less attributable to secondarj' influences, arising 
from the connexion of cells in coherent grou))s. 

The splierical form is usually found in cells developed fively, /. e. not 
arising Irora mere subdivision of a preexisting cell. Thus we tied eni- 
brvonary cells and eiulosperin-eelli in the eiubryo-sac of I’hanerognmia, the 
.spores of some Cryptogainia. logetluTwith many of the lower plants com¬ 
posed of one or few cell.s only, such a,s those of growing Yea-st (fig. 4t!8, .a ) 
&e., presenting the spherical as the original form. lJut by far the most 
fre<piently occurring spherical cells, such iis many polleu-grain.s, spores, 
those in the pith of voiing .shoots of Dicotyledons, of the pulp of fruit, &c., 
assume this toriu .suhsequeatly to the earlic.st stage of development, being 
placed in circumstances which allow them to expand freely according to 
their natural tendency. 


odi). Tlie above general statement is subject to ccrtain’importaiit 
exceptions, in which deviation from the typical form exists without 
any interference witli the development of the cell according to its 
own laws; the.se itre met with principally in the lower cellular 
plants, especially the Unicellular Algm, in which we find single free 
cells assuming the most varied but spcciflcally determinate forms. 

Exaiuple.s of tliis are offered not only by the Ihsmidiva, but by the 
more ju'eq^uivocally vegetable J'auclierue, IMrydium (fig. 4f)2, K), and 
others. * 

570. The interfering influences above referred to are of two jfrin- 
cipal kinds, namely;—special directions assumed in the development, 
in olrcdionce te a law regulating the structure of the organism, or of 
the tissue, of which the cell forms part; and obstruction to the pos¬ 
sibility of expansion in certain directions, from the pressuro of sur¬ 
rounding cells. 

The.se influences are very fruitful in producing variety of form. The 
first kind is the most important, and determines the general form of the 
cell; the second liu most cases affects merely the shape of its external 
surfaces. The form of the cells of fully developed tissues is usually the 
result of^th kinds of influence combined. 

571. In cells existing in'combination wc find throe principal classes 
of forms, referable purely to the influence of the law of development:— 
(1) the spheroidal, obedient to the fundamental type ; (2) the cylin- 
driral, in which there, is a more or less considerable tendency to elon¬ 
gate in the direction of a vertical axis; and (3) the tabular, in which 
there is an excess of development in the direction of the two trans¬ 


verse axes. 


The tphavidal form presents eveij possible transition from the sphere 

. ... . . ^ . 
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♦iff. 470, &c.), tliroi}g:h the ellipsoidal (luiual in longer or shorter forms in 
iho suljepidemial parenchyma of leaves), to the fusiform or spituUe-skape 
(most abuiulant in the cells of wood and fibrous structures, fig. 471), and 
tlie truly cyhiulriml, either of moderate length (cells of Conferv®,Jg. 

&c.), or drawn out so os to become what is termed filiform (cotton, 
amt othercellular hairs). 'I’he spheroidal form also passes gr^ually, 
e.ipecially in epidermal tissues, into the tabular foim. 


Fig. 471. 



Fitf. 470. Meronchyraiitoui cells of the riml of KvpXorbin onnuncfMw. Msgn. 100 diam. 
Fi*j. 471. Liher-cefis of Coco* boir^ophorn. Mavn. 00 Ui§m. 

Fi}». 472. Pun'uchymatous cells from the h'af oi OrrAw nui*cu,la. Magn. SOOdiam. 


,072. Secondary niodifieationa of these forms arise chicHy cither 
from partial cohesion in la.v tissues, from irregular growth, or from 
pressure in demsoly packed tissues. 

Thus the spheroidal form becomes, in lax tissues, an irregnhr spheroid 
in endle.ss varieties (commonest <rf all in the parenchyma of leaves and 
rind of succulent stems), running out by degrees iuto lobed aud finally 
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fteUate forms, by exclusive development of the free, surfaces while the 
contiguous cells remain attached at a few points, e. <7. in cells of the paren¬ 
chyma of leaves and leaf-stalks of many Monocotyledons (fig. 472), ihifn, 
Saoitian’a (tig. 473), &c., and above all in the pith of Rushes (tig. 474), 
ana the stems of various aquatic plants. 

Tlie mutual pressure of cells, commonly exerted in stems, in seeds, 
hard parts of fruits, &c., converts the spheroidal into polygonal forms, of 
which the more or less regular dodecahedron or ietraderahedran, giving an 
hexagonal section, and arising from equal pressure in all directions, is 
perhaps the commonest (pith of fully developed shoots of Dicotyledons, 


Fig. 473. Fig. 474. 



Fig. 473. flection ||f a septum of an air>canal in Uic ix'tiole of ^agiilarui, Mogn. 300 diam. 

Fig. 474. Stellate cellular tissue from the p4>tioie or Rash. Msko. 300 diem. 

Fig. 475. Stellate hair from the petiole>i9f Nymphaa aJv«na, Magn. dtozn. 

such as Elder, &c.), or cubie, found in woody fruits, &c. The cylindrical 
becomes under the same •circumstances prismatiCf either six-sided with 
flat ends, or with three rhombic faces at top and bottom, the common form 
of the cellular tissue of the stems of herl^eous stems (fig. 470)j or 4-Rided 
with flat ends, as in the medullary ravs of Dicotyledons, or with conical 
or oblique ends, the common form of wood-cells. Less frequent nro the 
fonns of spores and poDen-grains, sometimes only temporary, sometimes 
permanent, arising from the development of four cells by segmentation of 
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the p\]auml. In the tabular forms of the cell, the mutual pressure irene- 
mlly contirnis an onpinally rectangular ligure, the tabular fxWa of epi- 
ueraiis and cortical structure being usually of quadrangular or polycm- 
gular hgure, tint above and below (tig. 476); but in these wfe have some- 
tnno.s a eonipheation from e.xpansion, under pressure, principally in certdn 
directions, cells ot epidermis of many plants exhibiting side-walls thrown 
into sinuosities following a particular pattern (tig. 478). 

57.1. lly far the great majority of cells in t!;o higher plants origi¬ 
nate in forms analogoins to those produced by pressure, since they 
multijily by division, and the septa dividing two newly formed cells 
have ordinarily plane surfaces (fig. 477): a spherical cell forms two 


Fig. 470. 



Cells of the pith of Aeantkut piollit, seen in a rettioal section. Hsgn. SCO diam. 

hemispherical cells &c.; a prismatic cell dividing perpendicularly, 
two half-prisms, or, if horizontally, two superjwsed shorter prisms, 
&c. As a general rule these cells have a tendency to assume the 
spheri cal (or cylindrical) form Ip their earlier stages of growth, while 
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the whole mass of tissue is lax; and if they are set free, as in the 
case of spores, pollen, &c., they often become quite spheri(!!il. Hut if 
they form part of a permanent tissue, the expansion of the organ of 
which they form part stops at a certain point, before they eease to 
swell, and thus the mutual pressure comes to bear upon them atid 
causes the production of plane surfaces. 

We may trace this by mahinsr sections of the pith of a shoot of Elder 
from the growing point or punct.um vetjHationh downwards ; at the point 
the nascent cells are squarish ; lower down they have swollen into sphe- 


Fig. 477. Fig. 478. 



Fig. 477. Young iiroth.-ilUnra d**vflopeA from the spore of & Fern {PUru terrnlnia). 
Msgn. diarn. 

Fig. 473. Epidermis of the lower surface of the leaf of HelleborutfirHiliit, with stomnta 
(a). Magn. 200 diam. 

rical, while when full-grown they are dodecahedral. Tiie similar change 
from cylindrical to prismatic takes place in the cmnhitm-celLi of annual 
stems and shoots ; but in succeeding years the cambium-cells formed by 
division of preexisting cells exhibit a rectangular outline tir.st and last, 
only increasing in diameter, chiefly in a radial direction. 

574. The magnitude of cells is very varied. .Vbout of an 
inch may be taken as au average of the diameter of parenchyma- 
cells; the cylindrical cells are especially remarkable for the great 
length they often acquire as contrasted with their transverse dia¬ 
meters, and with the transverse and perpendicular diameters of other 
forms. 

The lamer cells of the pith of the Elder are about of an inch in 
diameter, But ^ to he regarded as a large diameter in parenchyma. On 
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tho otlier hand, tl>e spores of Fungi afford examples of extremely minute 
dimensions, such as to an inch. The cylindrical cells of 

wood are not uncommonly of an inch in length; liber-cells sometimes 
from to \, or J of an ineli (Flax). Hairs composed of one or more cylin¬ 
drical c(dls, and the cylindrical cells of some of the Confervee, e.specially 
Vaucheria, Bn/upm's, &c., and Cham, also attain longitudinal dimensions 
to be meiusured in inches, while their diameter is estimated in hundredths 
of an inch. 

The Cfill-wall. 

;')7o. In all young cells the wall is of membranous nature, and in 
many ciuses it always retains this eharactor. "While young this mem¬ 
brane is freely permeablS by water, elastic and llexihlc. As the 
cell-wall grows older it becomes altered in consistence and firmer, 
opposing a greater obstacle to tho entrance of water into its substance, 
independently of any great increase of thiekness, as we see in cork- 
cells : when it increases in thickness it may remain soft and flexible, 
or become very denst;. but in such eases it generally remains tolerably 
freely permealilc by water, (iven when most dense, while the softer 
kinds absorb water so readily that they swell up considerably when 
wetted. 

Membrane of living eclls always appears to contain water as an essen¬ 
tial paid, almost like the water of ervstallizatiou in hydrated salts. When 
dried, cells contract more or less; and many phenomena of bureting of 
fruits, sporanges, &o. are the result of the tearing down of weak regions 
of celhnnr tissue by the contraction of (inner tissues in drying. Cellular 
tissues with soft thick nieinbrane, like those of the .\lga; &c., contract in 
drying so as to cause the shrivelling of tin' structure. All such tissues 
(ihsorh water when wetted, and swell up again, hut do not in all cases re- 
assunie their i.viginnl flexibility, ('ells of wood, liber,' vtc. also expand 
when wetted ; but the expansion takes place in a direction transverse to 
their axes, and they usually contract in the longitudinal dimension as 
they swell laterelly. Hence, although wood and fibrous structures swell 
in water, it is only in the direction nertws the ffraiti, and cordage, simul¬ 
taneously contracts in the direction of the fibres. 

Diluted sulphuric acid and alkaline solutions cause a swelling of the 
membrane of most cells, of which advantage is sometimes taken in woven 
fabrics to render tho stuft' closer in texture. Hy soaking in an alkaline 
solution, the single fibres are made to swell so as to come more completely 
into contact and fill up the interstices. 

576. Primary, unaltered ccll-mcmbranfi is colourless; subse¬ 
quently it becomes coloured, usually of a tint of brown, apparently 
by iiifiltration of substances formed in the contents, since hy boiling 
the membrane of old, deep-b^own tissues ■with nitric acid, or with 
solution of potash, tho colouring-matter may be extracted. 

577. Tho original membrane of a newly formed cell is, as far as 
we have the means of perceiving it, ahomogencous layer of substance, 
the" porous nature of which is only to bo concluded from the fact of 
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its permeability, no risible pores being revealed by tbe most perfect 
microscopes we possess. 

It'is important to note this homogeneity of the primary cell-wall, 
as the membrane almost always becomes marked with dots and lines, 
indicating inequalit}' of thickness, as it becomes thicker. 

578. This pritnary membrane appears to have the property of 
growing by wliat is called intussusception of molecules, since it 
expands to accommodate the increasing contents of the cell in cell- 
growth, without any indication of structure necessarily accompanjdiig 
the expansion. 

No better example of this can be mentioned than the growth of llie 
pollen-tube of Phanerogamia, which sometimes acquires a length of 'J 
or more inches (Ctictns) without ever departing from the homogeneous 
pellicular structure. 

Cell-membrane, however, may increase in Size by expansion, as we set' 
in the cell-divi.sion of (Eiluffonliim, in which a thickened ring of accumu¬ 
lated cellulose is stretchi'd out by tlio elongating cell and becomes a thin 
membranous coat to the latter. 

The molecular structure of cell-membrane has been studied by Nageli, 
who, from hisTe.searclies on tlio constitution of the membrane of thi> starch- 
grain by means of polarized light, comi's to the cnuclnsion that fill organic 
substances are composed of crystalltHe molecules grouped in a definite 
manner. When dry the molecules are without interspaces; when moist, 
each molecule is surrounded by a thin film of water. Niigeli further 
supposes that each molecule is made fip of a miiulK>r of atoms, similar to or 
identical with the atoms of the uiiemist. The molecules are of ditleri'iit 
sizes; those portions of the structure richest in water have the .smallest 
molecules. The molecules themselves are of the nature of crystals with 
two optic axes. 

579. The walls of almost all cells soon exhibit a departure from 
the original simple condition, arising from the formation of new 
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lamella;, more or loss resembling the primary membrane, all over, or 
over particular parts of the inside of the primary membrane. These 
are distinguished as secondary layers (figs. 479,480). The consistence 
of these layers, and the mode in which they arc disposed, produce 
the most important diversities of character of the walls of fully 
developed cells. 

Tliu laminated coAdition of cell-membrane may be well observed in 
simple Cellular structures by treating fragments of Cladoplwra glomerata, 
or otlu'r large Confervoid, with diluted sulphuric acid. The laminffi are 
very visible in cross sections of the cells of wood and liber after these 
have been boiled for a short time in nitric acid. 

.580. Ilc.side.s the primary membrane and the secondary layers, we 
find in certain cases a kind of envelope which has been variously 
e.vplained by different authors. The filaments of some Confervoids 
(Syiroyifca, fig. 465), o^ Desmidium, &c., the families of cells of 
PulmelkiM and Nostochineo’-, are surrounded by a coat of gelatinous 
consistence, outside the proper cell-membrane. This appears to be 
produced by the soltoning and swelling up of tlie parent cells (of 
many generations) of the cells which are surrounded by such 
envelopes. 

* These gelatinous coats are apparently analogous to the intercellular 
substance, as it has been called, to be meiitionud hereafter. 

581. Another layer is characteristic of many cell-membranes 
whicli are destined to protect the subjacent tissues, or their own 
contents, from the action of the atmosphere, namely those of epi¬ 
dermal cells and of pollen-grains and spores. Tliese exhibit a super¬ 
ficial peUiclc, of varied character as to thickness, texture, and marking, 
which pellicle appears subsequently to the first formation of the cell. 
This, like the gelatinous coat just described, is a structure altogether of 
secondary character, but is distinguished from the ordinary secondary 
layers of thickening by its position on the outside of the cell-'vVall. 

It i.s still a moot question whether these pellicles are secreted by the 
primary membrane on the outside, or are formed by transformation of the 
outer laminae of the primary ineinbrono itself, whose place is then taken 
by sfrtne of the outer secondary layers. This subject will be move dwelt 
upon under the head of the cuticle. 

582. The secondary formations on the inside of the cell-membrane 
may (1) correspond in character to the primary wall, in which case 
the cell-wall is simply thickened by new lamella; or (2) the new 
layers applying themselves equally over the wall, leave certain parte 
bare, which appear as dots, or ^its of various forms when viewed 
from the inside (figs. 481, a, b) ; dr (3) they are applied only over 
parts which form peculiar patterns upon the primary wall, and appear, < 
when of sufficient thickness, likejfiires adhering to it, spiral, 

or connected into a kind of netw6r|c. ‘ ^ 
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Those secondary’ lovers which resemble the primary wall, iiltlioujih 
uniformly deposited, present in certain cases an appearance ns liioii”h 
their molecules were arranged in a spiral order, since line spiral streaks 


Fig. 481,13. 



Fig. 481, A. 



Fig. 4S1, A. St^ction of of the t'ndoepprm of a Sago-Palm. Magn. 200dtnin. 

Fig. -431, B. Laminated c**ll'wall9 of the cells in A. Magn. fi0(» dium. 

may sometimes be detected, nftt r treating them with acids and hy other 
means, and lAany of them are apt to tear in a spiral direction. The 
excessively delicate spiral marking here referred to (seen in liber-cells »f 
Vinca (tig. 48.3) and nio.st Apocynacpie and Asclepiadaceii'. in wood- 
cells of Pinuij in the cell-nieinni'ane of Ujiihodictyoa, &,c.) must not be 
confoimded with U deceptive appearance re.sembling a inucli coarser spiral 
striation produced by ti’enting the membranes of ("onft'rva!, tlio pareii- 
chyma-celh of Orchis, Ciicarhita, &c. with sulphuric acid, where the 
appearance often results from the irregular convolutions of the swollen 
lamella of the cell-wall. 

583. The unifbrm kind of secondary layers arc hometiine.s accumu¬ 
lated at one side (fig. 484), or iii the anglc.s of cells (fig. 485): thus 
they are much thicker op the side of epidermal ccll.s ne.vt the air; 
and they fill up the angles of the cells of the flesliy endospenu of 
many seeds, the cells of the coUenchyma found beneath the rind of 
Chenopodiaceae, and the cells of the leave.s of Nymj;ih(fa, of some 
Jungermanniacea;, &c. There is reason to believe that, in some 
•instances, the ceU-wall thickens at certain seasons tind betSmies 
thinner at others; but this appearance may aris'e from an alternately 
swollen and contracted state, and.hot from absorption and re¬ 
deposition. • . ’ 

These will be spoken of again under the heads of epuhrmis and inter- 
edMar tuhstanee, 

584.' The deposits leaving spots of the primary membrane bare 
form what are called pitted, at, less propeny, porous cells. They 
occur on the Vails of most cells of the parenchymatous structures of 
the bilker plants, in the form of round spots (fig. 476) where the 
still membranous ceU-wall is thinner. In wood-cells, in liber-cells, 
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find the greatly thickened cells of fleshy endosperms, hard seed-coats, 
&c. tho application of a great number of secondary layers upon 
the Willi, iilway.s leaving those spots bare, converts the pits into 
canals nmning out from the eontraetod cavity to the primary wall 
(ligs. 4M(), 481). 

Till' imivks are really always piU at first, ns may be seen by colouring 
the cell-membrane with iodine. Hut in old wood-cells they appear some¬ 
times to become holes, by the absorption of the primary membrane which 
formed a kind of dia|)hragm over the outer end. 

These pitted niiirkings may be circular, oval, or elongated, transversely 


Fig. 484. 



Fig. ise. I.iIxT-ccll of Periwinkle. Magn. 75 dinm. 

Fig. -t.sn. Fragment of the eeli in llg. 4Sa. mugnifl<Ht .IlK) dinnu (Th^ apirai linea on the ojtpo- 
aite aide of the cell.show through and oroaa.) 

Fig.-iSt. Vertical aeetion of epidermis of Fiaruin a/Anm, with many thickening layers. Hagn. 

100 diiim. . jjta 

Fig. ‘185. Trunaverae aection ol cella of tint petiole of Xfmj^aa alia, allowing the laminated 
wall. M ngn. 500 diam. ' 

Fig. 'ISO. Fmgmeut of a pilled duct of I,aurut Satat^fraa, Magn. 300 diam. 
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or more or loss obliquolr, so as to sjjproach to die ajmemnce of stlf^ 
bometiinrs the later secouikry deptwits do not extend quite to die J 
of the aperture in the earlier layers, twid the amvesaiye kvew may 
retreat from this edge that the amal beeoniea at Jength fitiiuei-shamaj'’ 
in this case the pit, tyhen st'oii in front, preaents a double ontJine, onj 
corresponding to the outer end, the other to the inner and wider end 
(/i". -Ititi). 

This condition may be further complicated by the existence of a len- 
ticular depre^ion brt.ween the contiguous outside walls of pitted cells, as 
m tomtene (hg. 48i). The outline of this depression gives the appear- 
Zt tl “ pit- .Schacht, however, iiserts 

cmditW^l 'f further, that in the very young 

condition the leaticidar cavity between two adjacent cells is divided into 



1 P*»tAfia»Acw? r of Conifer®, 

C, FnaaXt nf thsa i-ii / ^nfu: u. & I^ordcrcd pit, of “Riwid." 1 «xm> dmm. 

me pit. ft. the Urge nng, .-au.ed by the lenticuUr iat«nH»ce («> Magn. ItwuMum. 

longitudinal partition, which is the primary 
te d The lenticular cavity is formed by the re.Lpthm 

of this^posit, and a communication established between the two adjweut 

665. A fiirther complication of the pUted Btrueture has, moreover, 
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been described by Von Ifobl as occurring in the va»a propria of the 
vascular bundles of Moiiocot 3 'lodons, and in the thin-walled cells, 
layers of which alternate witli the long woody fibres in the liber of 
Dicotyledons. In these eells, whieh that author calls “ latticed” or 
“ elathrato ” eells, tlic membrane which forms the diaphragm closing 
large pits is marked with an excessively delicate network, apparently 
formed of fibres nj)])lied upon the primary membrane. This occurs 
not only in the pits of the side-walls, but in those which are found 
on the septa between colls standing one above another. 

This discovery is of much iiitore.st, and is likely to draw more attention 
to the liber-structures, which have been neglected hj’ anatomists, but 
which may possibly take an important share in the distribution of the 
elaborated sap. 

jjSt). The “ fibrous ” secondary layers may present the form of a 
single .s])iral baud, running from one end of the coll to the other, 
and with the turns of the spire (piite close, or more or less distant 
(fig. ; or the spiral band may be double, triple, or even consist 


Fig. 489. 


'tSSi 


Fig. -IS-a. Coll fVom lh« fej>orang5tim of arvenfe. ^fAgn. 250 diem. 

Fig. CoIIh from the ^porttiigiuui of lifagn. 250diani. 

Fig. 49(». Cells from the leaf of Magu. 4iK) diam. ^ 

of si.x or more parallel bands. Very often those spiral secondary 
deposits are sufficiently clastic to allow of their being stretched out, 
the comparatively thin primary membrane to which they adhere 
giving way at the interstices. 

In the cells of the coat of the seed of Cpllomia, the primary membrane 
becomes, during the ripening of the seed, converted into a substant^ 
which softens and swells up in water; so that when this structuie U 

r 2 


Fig. 490. 
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wetted, tlie spiral fibre springs out, opening its coils widely like a wire 
spring. 

687. The annular thickcirings (fig. 489) are le.ss comraon than 
the spiral, but occur sonictinics in the same cell, and ahso in asso¬ 
ciation with the next kind, the reticulated. The rings are generally 
at some little distance apart. 

688, The reticulated secondaiy layers may be uniform over the 
wall of the cell, or irregular (fig. 490), which is more fre()uent. since 
the ordinary cause of the reticulateil appearance is the formation of 
vertical connecting burs between rings or spiral coils, at the angles 
of the cells; when this occurs very regularly, a ladder-like arrange¬ 
ment results, giving what is called the acnlariform structure, espe¬ 
cially frequent in the vascular structure of Ferns (fig. 491). 

Fig. 491. Fig. 492. 


b 
a 

A 

Fig. 491. Fropmont of a srolnrform of n Tfr-c-Ff*rn: o, wnllu in (‘ontuit with other 
6. A. vrulit) in contact Mtlli cvllt*. 

Fig. 492. Wood-ceils of YfW ; Ttrticai section. Mupn. tliam. 

The connecting bars of the reticulated and scnlariforni cells mu.'t not 
be supposed to originate after tlic rings or spirals; tliey are contempo¬ 
raneously developed; and the diversities in tiie closeness of the coils of 
cells are likewise original peculiarities of the depos-its. The statement 
that the turns of spiral coils are opened by longitudinal growth of the 
primary membrane to which they adhere aetius to be founded on specu¬ 
lative notions. 

• The spiral structure of secondary deposif.s is beautifidly seen in thi.> 
elaters of Junt/unnaniiia and Marchmitin, in th(; cells of the ai’rial roots of 
epiphytic Orchids, in the cell.s of the wood of (.'actnceai, and in the spiral 
vessels of the veins of the leave.s and lenf-stalks of .Monocotyledonous 
plants, such as the Hyacinth, Narci-sus, Mw<fi (which presents as many 
as 20 parallel bands), slioots of Elder, lcaf-.«tnlk8 of garden Khubnrb, 
Strawberries, &c., also in the petal., of delicately organized flowers. Annu¬ 
lar cells are well seen in tlie Aporanges of Marcfiantia and other I ,i verworts, 
and in many of the structures just mentioned with spiral and reticulated 
cells. The scalarifonn marking is most regular in Ferns. 

,689. The s^ariform thickening apjnoaches very nearly to the 
more legulu fonus of the dotted thickening above described, so that 
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the spiral-fibrous and the dotted forms appear as the extremes of an 
analogous kind of stmcturo. 

In many wood-codIs, especially in root-structiiros, the reticulated or 
scaliirilorm cells }ia\c the meslees so small that they become in fact 
pitted cells. 

In some cells both kinds of thickening or-cur, so that it is con¬ 
venient to distinguish tciViVno/ layers. In the wood-cells of the 
Yew (fig. -IDii), of tile Lime, and other plants the secondary layers 
are jiitted, and a tertiary deposit subseijuently appears in the form 
of a spiral fibre. 

d'he pits on the walls of contigiions cells correspond, and they do not 
generally occur opposite intercellular spaces, or on the outside of epidermal 
cells; lint exceptions occur to both these rules, to the latter especially 
in the leaves of CycdH. The first rule has much iullueuceon the marking 
of the large cells forining iiart off/«tY,<, whieh are often in contact with 
several cells, oim sibove aiiotlier, and with parenchyma-cells, other ducts, 
or witli intercelhtliir spaces, on dilferent sides. In the wood-cells of 
(.'onifeKi!, the peculiar bordered pits occur only on the sides parallel to 
the medullary rays, not on tlie internal and external walls. 

500. Cell-miiiibi ancs. including the secondary layers, are composed 
of the snh.stanec called ccZ/i'/ovy, which is one of a class of organic 
compounds intiniateh' connected as regards chemical constitution, 
but presenting remarkable pliysic.d liiflerencos. Of these conqiounds 
the most important are;—and dej-trine, soluble in cold water, 
and occurring in solution in the cell-sap; ftiirch, insoluble iii cold, 
but softening and swelling into a mucilage in boiling water, and 
found in the form of granules in tlie cell-contents; and celluhsf, 
insoluble in cold or boiling water, alcohol or ether, obstinately re¬ 
sisting the action of alkaline solutions, but soluble in strong sulphuric 
acid, and forming the jicrmainnU solid jvarts of vegetable structure. 

5!)1. Cell-menibrane.s, composed of 
pure cellulose originally, undergo 
elianges at subseQuent periods whieh 
alter, in a marked manner, tludr beha¬ 
viour towards eln'inieul reagents ; and it 
is not at present certainly ascertained 
what is the real cause of the scries of 
modifications whieh they present. If 
wc compare the membrane of a iiiiscent 
cell, of thick-walled parenchyma, the 
solid and often dark-coloured walls of 
the cells of old heart-wood, of liber- 
colLs, the very resistant morabranos of 
corky tissues, and the layers of gela¬ 
tinous or cartilaginous consistonco so 
abundantly developed in the larger 


Fig. 493. 



Wall ofth<‘ 1 * 01 !* r»f the liber ofOjeo*’ 
a, primary mcnibraiie; oldest 
•eoondary layers; e, more recent 
■econdaiT layore; the Uyert 
marked 6 are strongly tnonu^ed. 
Mago. 600 dkm. 
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Algae, we meet with extremely diftbrent characteristics, for the ex¬ 
planation of which different views are entertained. On the one hand 
it i.s said that the cellulose ])ro(lnced in the formation of the original 
membrane or layer of thickening becomes gradually converted into 
different but related chemical comiwunds; on the other, that the 
cellulose layers become impregnated by foreign substances, gradually 
infused into them from the fluid confents, such subsfauces being 
distinguished by the name of incnistin;/ matters (fig. 49:1). A third 
view is that of Fremy, who considei’s that there are several kinds or 
modifications of cellulose, and, moreover, that those vegetable struc¬ 
tures fomerly considered to be made up exclusively of cellulose, 
contain matters of a different chemical composition. 

Cellulose, as found in the oreranized con<iition of cidl-irK'nibrnnc, 
appears to behave somewhat differently to chemical reairents according 
to the state of aggi'egation of its particles (that is to say, it.s density.); for 
nascent cell-meml)rnne.s will in miinv cases a-ssinne a violet or even a hltm 
colour when treated with a .strong solution of iodine and washed with 
water, like starch. The same is the case with some of the seniigelatiiioiis 
layers of thickeninir met with in the eii<los])t*rm or cotyledons of certain 
se^s (called ami/loid), and,nioreover,in the cell-structures generultvwhich 
have been tre.ated in the way de.scribed below, to remove the so-called 
“ incTusting matters.'’ Hut as a general rule, (‘elluloso does not take a 
blue colour with aqueous solution of iodine, uule.s.s some other agent, 
especially sulphuric acid, i.s applied at the same time. A solution of 
iodine in chloride of zinc brings out a blue colour in fully developed 
cell-menibranes, still more readily than the sulphuric acid with iodine. 
These reagents readily affect newly formed ti.s.sues in general; and the 
more delicate kinds of cellular ti.ssues.^ro-penuBiiently .sensitive to them. 
But after a time the thicker cell-niembnines, mid especinllv those of woody 
ti.s.«iie.s, the cartilai.rinoiis structures, and the ti.ssiie of epidermis and bark, 
no longer bficome blue, but only yellow or brown with the above n>ngcrils; 
and it i.s the n.'al cause of this alteration which i.s the subject of the dif- 
femnee of opinion above nderred to. 

By maceration for several hours, or boiling for a minute or two, in nitric 
acid for woody and cartilaginous tis.siics, in strong solution of potash for 
epidermal and corky tissues, bringing the cells to a point where they still 
exhibit all their structure, but are bleached and softened, then washing 
them with water and ap])lving iodine, a blue colour is produced like 
that appearing in nascent cellulose, or in toler^Sjr'tww tiasues under tlio 
influence of sulphuric acid.' . _ 

It remains to be ascertained whether theae process's alter the com¬ 
position of the cell-membranes, or merely remove infiltrated matters of 
nitrogenous composition. The latter view is supported by the fact 
that, in imperfectly prepared objects, sonic of the more resisting Invers 
appear green, which woidd .«eem to result from an optical combina¬ 
tion of the blue of the cellulose with the yellow of an infiltrated 
matter. At the same time it must be noticed that the cellulo.se is 
brohght into a condition approaching that of starch, only nornnl in 
nascent membranea and in the semisolid deposits of "amyloid” above 
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mentionpcl. Fr^my, as above stated, considers that there are other sub¬ 
stances besides cellulose entering into the composition of vegetable cell- 
walls. True cellulone forms the cell-wall of the cellular tissue of bark, 
fruits, roots, &c.j and is soluble in ainnnuiiacal oxide of copper. iVira- 
celliihie is found in the cells of the pith, the epidennis, the medullar}' rays, 
&c.; it is soluble in the copper solution, but only after special treatment. 
Fihro.tr is the constituent of the wood-cells, an 1 is insoluble in the copper 
solution, except after special treatment, but soluble in strong sulphuric 
acid. VuscutoHe, the substance of which vessels are formed, is insoluble 
in hydrochloric and sulphuric acids and in the copper solutions, but soluble 
in boiling caustic potasn. 

r)!)2. C(dl-mombrane in mo.st cases contains a certain amount of 
inorganic matter ; but this is probalily attributable in general to its 
being sutiiruted with the watery cell-sup, in which various salts 
exist in solution. In particular cases, however, there is a special 
deposition of inorganic substance in the walls of cells—as, for in¬ 
stance, in the Cn-asses and the Eiiuisetacem, and the Canc-Palmf 
(Calamus), where the epidermal structures arc so loaded with silex. 
that they not only acquire a hard texture, rendering them harsh to 
the touch, hut, when the organic matter is destroyed by burning, 
a complete skeleton of the tissue remains, entirely formed of 
silex. The siliceous coats of the Diatomeiv afford another striking 
example. 

It is not yet clearlv made out whether the silex is here deposited in a 
layer upon the eell-ihembrane, or interpenetrates its 8ub.stance ; but the 
latter is probably the real state of the case. The pcricai-p of some plants, 
as Litho.tpermum, contains lime, in what form it is not certain ; but the 
carboiune of lime incrusting the cells of inanv .sjiecie.s of Chara is clearly 
a mechanical deposit upon the outside of the membrane. 

The membranous wall of the vegetable cell is ordinarily a 
permanent structure : fonning the “ skeleton " of jdants, it usually 
remain.s entire until the decay or destniction of the organism in 
which it exists. But we have alreody mentioned that it becomes 
absorbed or dissolved, ultimately, at particular points, ns at the con- 
tiguous end-surfaces of those cells which become fused together to 
form vessels or duct*; and in the ea.se of the layer clo.sing the outer 
ends of the canals of the pits or wood-cells, a similar dc.struction 
of the primary membrane seems to occur. A phenomenon of 
this kind Is distinctly presented in the large spii-al-fibrous colls of 
ffjtJiagnum (fig. 494), where the walls of old cells are found perfo¬ 
rated by large round orifices, produced by the separation of circular 
pieces of the cell-wall, and in the cells of the leaves of Leurohryum 
ylaxwum (fig. 495). In the cells of the Cnnfervoids producing zoo¬ 
spores, the wall breaks open at definite places to allow these to 
osenpc, exhibiting small lateral or- terminal orifices in' Conferva 
(fig. 465, c, d) tfcc., or breaking quite across by a circular slit in (Bdo~ 



488 


PHTSIOIOOT. 


gonhm. In this last genus the cell-wall breaks across in the same 
waj’ in cell-division, to allow the new cells to expand ; and in one 
of the Palmellem {ScJiizocldamyf) the wall of the parent cell splits off 
in segnjenta every time a new generation of cells is formed. 


Fig. 494. 


« 

Fig. 405. 


Fig. 4ft4. Cell of the leaf ot Sphnpnum rynihifoUvYd, w itli •.nnilar fibn-s on*l orifioen in the 
wall. 2irt<gn. 'Kn) ilmin. 

Fig. 49*^. Forouw eelU of the leaf of Leuinihrijum ijUiut'xm', Tertioul «(‘ctlon. Sragh. 

41*0 dium. 

In the formation of the idtimately free cells composing pollen-grains 
and the spores of the higher Crvptogiunia, the cells are lihemted from 
the parent eells by solution of the wall of the latter. A still more 
curious phenomenon occurs in the process of rnnjupntion, where two cells 
coalesce by complete uniqn of their walls. The last cases appear related 
in some degree to tlie origin of the gelatinous coats of the I’almrilefe and 
other Confervoids, which aie probably produced by the disintegration of. 
the walls of parent cell.s, which become softened, and swell up as the new 
generations of cells are formed in their interior. 

The origin of cellulose is npt clearly detemiihsd; ifr.seems most probable, 
however, that it is derived from the .stnreh^.«jg»r, inuline, or similar 
materials contained in the protoplasm of the'68^^ mentioned in suc¬ 
ceeding paragraphs. 




Contents of the Cell. • 

594. The solid cellulose structures forming the persistent mass of 
vegetable tissues may be regarded as a skeleton or framework ; for 
the vital and chemical phenomena exhibited by plants all depend, 
in the 'flilt instance, upon operations which have their seat in the 
interior of the ce]^. The careful investigation of the cell-contents 
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is consequently of primary importance in the study of Vegetable 
Physiology. 

The fundamental importance of the matters within the cell is not only 
demonstrated by what we are enabled to observe taking place in the 
interior of living cells, but, in certain of the lower plants, the vitalized 
contents actually emerge from their couftnement in the shell of cellulose 
(as the so-called lons/jomv), and exhibit in the course of their subsequent 
conversion into closed motionless cells exactly the same power to form 
now cell-membranes takes place in ordinary cell-division. 

595. The contents of the coll arc partly more or less solid, partly 
fluid. Wlien substances exist dissolved in the cell-sap, they are fre¬ 
quently out of the reach of microscopic observation, on account of 
the niinuUt quantities in which they exist, or from the xvant of 
suitable reagents to ascertain their presence ; among these are the 
vegetable alkaloids and similar products. Tho sugar, dextrine, 
mineral salts, &c., dissolved in the xvatery cell-.sap, do not readily 
admit of examination in this way. The Huid colouring-matters, 
essential or fi.xed oils, resins, &c., on the contrary, are readily ob¬ 
served, on account of their distinct physical and chemical characters. 
This is still more tho case with mineral or organic salts which are 
sufficiently abundant to crystallize in the cell. 

59(i. lint by far the most iiupoitant of the contents of cells are 
certain organized structures which are regtihirly met with in thp 
cell-contents, either uniwrsally or, with certain definite exceptions, 
at jiartieular (“itocliN of the life of cells. These are the protoplasm, 
with the primordial ufride, the niwleits, chlorophyll-corpuscles, and 
starch-granules. 

597. In all young grow- Fig. 490. 

ing cells w’o meet with a 
tough vinueiraginous fluid, 
colourless or with a yellow 
tinge, and frequently of 
-more or less granular cha¬ 
racter, which increases 
with the age of tins cell. 

This Substance is called the 
pro^plasm. 

Tho primordial^. vfr ich 
is the outer film of tho 
protoplasm, from whrai it 
differs only in its greater 
density. It is coloured 
yellow by iodine, and is 
applied intimately to the TnHuvsMeBMtionofcoUofJ-Mti^srmofiilfcnijfJori: 
inner surface of the cell- *ioohoi. Btaan.dUun. 
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membrane of young cells, persisting in the cells of tissues svhieli are 
concerned in the reproduction of cells or the perfonuaiiee of the fiiiic- 
tions of assimilation Ac., but disappearing at a comparatively early 
period in cells which acquire fibrous or pitted woody secondary lu^’O's. 

This structure is not always readily discoverable in li\ ing cells, on ac¬ 
count of its close apposition to the cell-wall, but it may be detected, by 
the application of a weak solution of iodine, which colours it brown, and 
soon causes it to contract and separate Irom the cell-membrane (tig. 

The contraction is di-sadvautageous in some cases, if jj^^go very far, as the 
layer becomes applied upon the inner cell-content.s7 The structure is 
very well seen by phwiiig portions of the greini tissue of leaves \:c. 
(which retain the primordial utrhde after acqtiirhig their fidl size), of 
the pulp of fruits, the leaves of Jlos.s.>s or T.iverworts (tig. d!M)). or the 
filaments of Coiifervoids, in alcohol, or treating them with dihiti* nitric 
or muriatic acid. The primordial utricle then separates from the cell- 
wall without becoming much discoloured. 

598. The pWmojyhVd utrkh’. lining the entire wall of the cell, 
forms a kind of sac ; but it is not a memhrane ill the .same sense ns 
the proper cell-wall, .since, although it presents u certain cohesion 
and rc.si.stance to the jicnctrution of water, it is not merely Hcxihlc, 
hut ductile, and capable of moulding itself into new external forms, 
the sac, in cell-divi.sion, becoming constricted into two or more jair- 
tions without wrinkling. When the i!oosporc.s of the Algic escape 
from the parent cyll, the jirimordiul utricle forms the ('xternal 
boundary of the structure of the zoospore, which has a definite form 
iu each ca.se. 

Were it not for this definite form of zoo.spores, wc might compare the 
consistence of the primordial utricle to that .semifluid condition of glass 
in which the glass-blowers mould it. Tlii-s peculiar state of organized 
substance is exactly parMlel to (he .substance of Amaha, tlie soft pari of 
Sponges, &c. in the Auinial kingdom. * 

599. In young cells, such as those in the cambium-layer of .stems, 
in the growing parts ^ leaves, Ac., the jirotopla.sm nearly fills up 
the ca%'ity, or at all events occu])ies all the space not filled by the 
nucleus. Hy dcgrec.s, as the ctjU c-xpanfls, vacuolar 8pace.s make their 
appearance in the protoplftsm,'fillcd with watery cell-.saj); nnd the 
protoplasm is thus transformed into a kind of froth, which is often 
finally displaced so entirely by the cell-sap that it forms merely a 
layer applied against the.prin^iSial utricle. 

In some cells, especially of the lf)wcr plants, we may detect more 
than one of these parietal layers of protoplaaA. 

These ehanges are readily traced iii'very young hairs, where they are 
observed without much disturbing the natural condition of the structure 
(fig. 497). Movements.ii^jh protopla.«iu,rcn evident by the move¬ 
ment of Jbe granules floatf^ in it, ocaair in niapy plants, probably in all, 
.anii'are ■fcribnted by some to contractility of tUe protoplasm, by others to 
alternate turgescei^f and emptying of certain portions of the {ttotoplasm. 
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000. In the protoplasm of most yonng cells, and persistent 
througli life in the parenchymatous structures of some plants, as of 
the Oreliidaeete, occurs the globular or lenticular body calftd the nu¬ 
chas of the cell, or cytuhlast (figs. 497, n, & 498). This appears to be a 

Fig. 497. 



Fip, <97. U}'p<*r end of a young hair of the staioen of TfadrfeanfM^ showing the celJa in 
various stages of development: «, «. nuoloi. Magn. 4t)0 diam. 

Fig. 49S. Cell with ft nucleus, from the stem of Orcku> mofcula. Magn. 400 dlam. 

mass of substance identical in its character with the substance of the 
proto])la8m, and it mostly presents the a])pcarance of a central cavity 
or vacuole containing one or more small granules called nncleoll. 

Tli« nueleus is net usually found in Fungi or Lichens; and many Alga> 
are likewise unprovided with it. 

(501. Tlic nucleus probably originally occupies the centre of all 
nascent cells whore it e.\ists, the* iutcrfipacc between it and the 
primordial utricle being filled up by protoplasm. 'When the vacuolar 
displacement of the latter by watery ccll-sap takes place, the nuclcns, 
if persistent, is usually carried to one side of the cell, and comes into 
contact with the inner boundary of tlt^ ptimordial utricle. Some¬ 
times, however, it remains suspended centre of the coll by 

cords of tough protoplasm, stretch.ed from a layer of protoPasm coat¬ 
ing the nucleus to that wMch lies upon the primordial utricle. Thei 
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cords of protoplasm radiating from the nucleus arc the porsis tent 
boundaries of the vacuolar spaces of the “ honeycombed ” protoplasm. 

The gradual Vacuolation of the proteulasm and the transfer of tho nu¬ 
cleus to the side of the cell may bo Tvell seen in tho hairs of the stamens 
of Trodescantia (fig. 407). In Spirofli/ra and Xi/pwina tho nucleus re¬ 
mains always suspended in the midSe of the cell by tho protoplasmic 
cords. The ultimately parietal nu^eus of the hairs of Trailescaiitia ex- 
liibits radiating cords, the protoplasm liere being in proces.s of absniptiou. 
In VaUisneria, and in Gi.doponhim and other Confeivoids, the imc’eus 
becomes imbedded iii the eontiuuous parietal layer of protoplasm wliich 
lies upon the primordial utricle. The nucleus has tins properly of break¬ 
ing up and, as it were, disappearinsr for a time, to reappear iii the form of 
two or more new nuclei of larger size than tlie original luK^letis. Tins 
process occurs in the formation of the pollen in the embryo-sac of Pliane- 
rogamous plants &c. ' * 

602. In all parts of plants which have a green 
colour we find tho cell containing in its cavity struc¬ 
tures quite distinct from the cell-wall and from the 
primordial utricle, in which the green colouring- 
matter rosides. The ordinary form of these is that 
of globular or spheroidal corpuscles, which appear in 
greater number and of darker green colour in pro¬ 
portion to tho intensity solar light to which tho 
tisjsue may bo c-xpased. In a few cases tho green 
colouring-matter is found in llio form of annular or 
spiral bands (Draparnaldia, ffplror/pra, tig. 499), or of 
reticulated cords ((fJa(lophnra),oi‘ mneiJaj^nous con¬ 
sistence, adhering to the inside of tho primordi.al 
utricle. In some Conferva* tho green colouring-matter 
appeal's diffu-sed tlirough a portion of the protoplasm 
in the form of very minute granules. In many uni¬ 
cellular Algm, in the gonidia of Lichens, ifec. the green 
colouring-matter is uniformly distributed throughout 
the cell, and is not separable from tlie rest of the 
protoplasm. » 

The chlorophyll-corptm eles are of soft cnn.sistence; 
and their colour is extracted by ether, alcohol, and 
various acids. They consist of protppiasmic colour- 
less substance mixed with colouring-matter. The of Spirogyrn, n'i^h 
formermayexisthy itself unmixed; but tho polouring- 
matter is nevar found separate in nature. They ap¬ 
pear usually solid and homogeneous when young ; subscquqntly they 
often contain starch-graunles in the interior; and not unfrequently 
they become vacuolated hke protoplasm when Wposed to the direct 
action ofVater. 

Fr^mystatai the green colour of chlorophyll is due to on 
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admixture of two substances, one yellow and the other blue, called 
respectively pliylloxunthine and phyVoeyanine ; but others think 
that thu blue substance is a modification of the yellow, broifght about 
by the agency of acids. Our chemical knowledge of chlorophyll, how¬ 
ever, is at present incomplete. It is to be expected that sixjctrura- 
analysis will ultimately reveal much of what is now obscure. The 
principal appearances observed hitherto are the constant presence of 
an absorption-band in the rod portion of the spectrum. In concen¬ 
trated solutions another band may be seen in the green. Stokes 
notes a similar band in the j’cllow. Ilorapath indicates the frequent 
presence of three bands in the red, orange, and green respectively, 
and of four bands in the red, orange, green, and blue portions respec¬ 
tively. Tli^e variations are probably duo to different colouring-sub¬ 
stances mixed with chlorophyll. 

'I'he chloropliyll-corpnscles are probably formed from the protoplasm 
of the cell breaking np into distinct globular corpuscles, or distributing 
itself iweording to patterns, ns above indicated, upon the eell-wall. When 
niovlv formed, in young culls, they are almost colourless, and appear in 
the vicinity of the uucluus and in the layers or streaks of protoplasm; and 
we not nnfrequently meet with protoplasmic corpuscles which differ from 
chlorophyll-corpuscles onlv in the absence of tlm green colour. The 
development of ehloropliyll takes place thus:—In the young cell the pro¬ 
toplasm is colourless and disposed m a thick Jayer around the inner wall 
of the cell; in this appears first a yellow colouring-matter; and then the 
inner portion of the protojilasm splits up into polygonal portions, each of 
which becomes a gram ot chlorophvU. 'J’hc outer portion of the proto¬ 
plasm forms the so-called primordial utricle. In other cases the proto¬ 
plasm accumulates round the nueleus. Vaaioles am formed in it, and 
iireak up the substance of tlio protoplasm into granules. In this latter 
case more nncoloured protoplasm is left after the formation of the chloro¬ 
phyll than in the preceding case. 

The destruction or decay of chlorophyll shows itself first in the change 
of colour from green to yellow or orange, nr, in the case of the spores of 
Algm, red. This red colour is assumed at the time when the spores come 
to rest; when active vegetation again commences, the green colour is re¬ 
stored. In the case of leaves at the fall, the grains of chlorophyll diminish, 
then disappear and give plaee to higlily refracting graimlos of an orange 
colour, which are the remnants of tlie disorganized chloropliyll, and to 
which tlie colour of leaves in autumn is due. While these processes are 
going on, the starch and the protoplasm are dissolved and stored away in 
the permanent tissues. In plants kept in the dark Gris noticed that the 
chlorophyll-grains slowly and gtaduallv become smaller, lose their starch 
and their colour, till at length nothing but a number of iffiiuife amorphous 
granules remain. Some plants, such as Selaginelia, some Ferns, &c., resist 
the deprivation of light much more than othw^but in the case of quickly 
growing plants, two or three days obscurityki|ffice to disorganize the chlo¬ 
rophyll. 

The protoplasm (with the primordial* utricle), the nucleus, and the 
chlorophyll-granules .are all. substances containing nitrogen and closely 
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allied to albumen; they are more or less coagulable by heat, alcohol, and 
adds, and soluble in caustic potash. 

The principal tests are the following-, though it must be remembered 
that their action is masked bv the colouring-matters of the cell, and that 
ther are not in all cases manifested in living, hut only in dead cells :— 
Iodine gives a brown or yelloivisli tinge to these structures ; auuiioniacnl 
solution of carmine tinges them pink. When treated with nitric acid, and 
subsequently -with aninionia, a yellow tint is formed, indicating the pre¬ 
sence of xaiitlio-proteiii; when soaked in n solution of sulphate of copper 
and afterwords treated with potash, a violet colour is produced in the 
protoplasm and chlorophyll; but this has not been observed in the case of 
the nucleus. It must be remembered that the solubility of jirotoplasin ill 
acids and alkalies depends not oflly on the strength of tlie solvent, but 
also on the condition of the substance at the time of the experiment. 

603. .Another still hiore common organized structure Ibnnd in iho 
cell-contents is the stareh-^ramde, which appeal’s to occur through¬ 
out every class of plants except the Fungi. 

Starch-granules are perhaps most frequently of glolmlar fonn when 
young; but when they acquire any considerable size their form usu¬ 
ally diverges from this, and presents very reniarkahlc varieties, often, 
attributable to the conditions in which they grow. Full-grown 
starch-granules are not homogeneous, but marked with strim indi¬ 
cating the concentric lamimc of which they are composed. These 
lamime are alternately of denser and softer consistence, and surround 
a commonly more or less cxcentric point, usually of verj’ small size 
(fig. 500), .which often appears solid when the starch-granule is 
fresh, but fonu.s a minute canty|,,froqucntly running out into a few 
radiating cracks, when the starch-granules arc dry. 

The granules occur either singly or collected in^masscs of definite 
shape, forming compound granules (fig. oOl) ; very often they exist 

Fig. 500. Fig. 501. • 



9^ iSOOk Staroh^granale of Potato. Kagn. 400 diam. 

?^50L Compound Starch'grsbnulont a double mnnlo from the Potato; ht grouped 
naoulea ag4 two fragraenU, from tiiu imtiomu of Aru/n niacu/atum. Maga. 
lOOdianu 


in the interior of chlorophyll-corpusolos or hands, or imbedded in 
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cavity of Iho full-grown cell, and in some cases so densely that they 
becDpie moulded into jiolygonal forms by mutual pressure. 

Starch-granules are commonly unaffected by cold water; but wi»en 
eruslied, the inner layers will sometimes absorb it and swell up. 
Boiling water causes them to swell up into a jellj', losing all trace 
of their laminated structure—as do also diluted sulphuric acid and 
solution of potash. 

Iodine colours starch-granules violet, iudigo-bluc, or deep black¬ 
ish blue, in proportion to the degree of concentration in which it is 
employed. By means of dilute sulphuric acid, starch may be con- 
vert^’d into dextrine and glucose, ijodern researches have shown 
that starch consists of two substances intimately combined, one of 
which, ijrm^ilnxe, is more soluble in saliva than the other, cellulose; 
and the aettou of iodine is .also different in the two cases. 

(•rent discussion has Inkeii pl.acc n1 different timesoflate years both ns to 
tlie stnietnre and the mode of development of starch-granules. There is no 
question that they are formed of a number of concentric laminae, which in¬ 
crease in density from within outwards. Their substance is hardly distin^ 
guisliablefrom that condition of cellulose where the cell-membrane swells 
into a gelatinous substance with dilute sulphuric add, or even sometimes 
with water, aud takes a more or leas decided blue colour with iodine alone. 
AViili reganl to their mode of (levelo])ment, they appear to be formed 
hv tlie deposition of successive layers of starch-substance, by protoplasm, 
in tlie interior of vacuolar cavities formed on the protoplasiiiic matter or 
the cell, either while this exists as a colourless mucilaginous matter, or 
after it has become more highly organized into chlorophyll-corpuscles. 
Starcli-gramiles, in fact, appear to hejfovmed by secretion on the inside of 
a utricle of protoplasm, exactly in the sanu' wav as the cellulose wall of 
the cell is secreted^n the outside of the primordial utricle. 

Fig. o02. Fig. 603. 



Fig. •')02. Part of a ooH of tho atem of thf Lily: «,*nucle«9. finrronndM hr protopUam 

• in whii'h atarch-grannlfa (»■) art^ bHng d«‘vr*1opi*<l. Mag?f. 40(> diam. 

Fig. Starch of Mnixv: «, a«H>tion of a .V0»ng cell of the with nnjiccnt Btirch-grannlea 
imbedded in nrofoplnean» A, sVwion of a full-grown cell with the starch-grauulci 
in contact anu become angular by mutual pressure. Magu. 20t> diam. 

This mode of development is well illustrated in the formation of 
starch-granules in the cords of protoplasm which have ceased to circu¬ 
late, in many herbaceous Monocotyledonous stems, as that of the White 
T.ilv (fig. 602), Sic .,—by the appeariuice of single or several staixih-^ramJea 
in old chlorophyll-corpuscles, or in the substance the bands of 
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gyra (fig. 400), ^c. Still more strikingly is it shown in the development 
of the stftreh-granules which ultimately "densely fill the outer cells of the 
endosperm of Maiae, where they ai'e at first free from each other, im¬ 
bedded in a collection of protoplasm filling the cell (lig. rjO.'t, a), and, as 
they expand, come into contact and almost displace all the pi'otoplasm, 
which remains only as a reticulation of slender threads (fig. hoii, b). \ 

similar reticulation of protoplasm-threads remains on the walls of the 
cells of the Potato-tuber after its starch-granules are formed. 

The origin of the compound granules, in pairs, fours, or very many 
compacted together into a mass, moulded together by mutual pressure on 
their contiguous surfaces, is rendilv explicable, since, we often find several 
isolated nascent granules in one chlorophyll- or protoplasm-corpuscle : as 
the granules increase in size they come into contact, but remain bound 
together by the mass of protoplasm in which they lie. 8uch granules 
(found in the conns of Crocut and Arum (fig. oOl, i), in the Oat, and more 
or less abundantly in many other Alonocotyledouous phmts) are mostly 
simply coherent, so that thev may bo separated by slight pressure. Hut 
it is not uncommon to find twin granules enclosed Dy external layers 
common to both (fig. 501, «). 

604. Starch is a temponiry structure of the cell-contents; it is 
accumulated during active vegetation, and is tihundantly deposited in 
the tissufts of many organs which remain at rest during certain 
seasons. In the reeoiiimcncenient of growth it i.s dissolved, in con¬ 
sequence of the formation of diastase (whicli converts the iu.solublo 
starch into soluble dpxtrine), and the a.s.similated substance is applied 
to the formation of permanent structure. 

Starch-grains are almost universally present in chlorophyll, from which, 
indeed, they are formed. This opinion ditlors from that of Mohl; hut is 
supported by the dis(.‘overic.s of Sachs and (Iris, the former of whom 
shows conclu-sively that the starch is developed fi'oni tlie chlorophyll under 
the in^Huence^Qf light: if light be excluded, no .starch is formed, wimt i« 
already formed di.sappear.s, and is again f()rmcd when the clilorophvll is* 
once more st^jected to the influence of ii^t. AVithouf chlorophyll no 
starch is formed; it mav, however, be stored up in cells containing no 
chlorophyll, hut i.s brought there from the cells in which it is formed. 

Starch-grains are disintegrated or dissolved when growth is about to take, 
place, in two ways—either locally (when the grains present a worm-eaten 
appearance), or uniformly over the whole surface. 

606. In certain plants .starch-granules are absent in those situ- 
ation^ where they are generally abundant, b^ing replaced by a sub¬ 
stance of analogotis cora*j)osition, called invJine. Thfs has been 
found especially in the roots and tphers of the Compositat. It is 
not clear whether it occurs dissolved in the ccU-saj) or in granules 
mixed with the protoplasm. As it has no speciul reactions giving 
distinct colour, like starch, it cannot be detected except by chemical 
analysis. 

606. Aleurme exists in the form of roundish colourless grannies 
pitted on the sx af^ or even presenting facets like those of crystals. 
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The granules uro for the most part about equal in size; but here and 
there occurs one mucli larger than tlie rest and which is remarkable 
tor the rapidity with whicli it dissolves in water; hence it escapes 
observation under the microscope wlien the tissues are examined, as 
they usual!}’ are, in water. Alourone is insoluble in oil, alcohol, and 
other ; hence it is found in practice better to immerse the prepara¬ 
tion in a drop of oil, in oider to see the aleuronc. Aleurone is 
eoloured brown by iodine; and the inner portions of the grain assume 
u brick-red colour after soaking for some minutes in a solution of 
nitrate of mercury: heneo it is considered to be albuminoid in cha¬ 
racter ; but the nature, mode of formation, and chemical history’ of 
this substance all stand in need of further investigation. 

007. The fixed oils, which occur abundantly in many seeds and 
fruits, are easily distinguished in the cell-contents on account of 
their forming isolated globules, merely suspended in the watery’ ccll- 
sa]), which strongly refract light, and can be made to run together 
into large globules by pressure and by the apjilieation of ether. 

The oil-globules oeeiir mostly iu organs pnqnired for a season of rest, 
as in the endospeim (Cocoa-nut) or cotyledons (.Almond) of seeds, or in 
the pericarp (Olive) of the higher plants—also sometimes in tubers, as in 
those of ('i/jm-m cmilnitiiit. Among the lower plants oil is especially 
abundant in the resting-spores of tlie Algie, taking the place of thestarch- 
graiiulits existing during active vegetation. 

()(t8. Sugar, dextrine, gum, and similar substances dissolved in 
the wiitery eell-sap are not eapulile of detection by the microscope, 
since the quantities in which tliey exist arc too small to alter suf¬ 
ficiently the refractive power of the liipiids ; and wc have no colour- 
test for them. 

The ffHmiiii/ mattn'H of plants (which swell up in cold water and form 
a slimy iim.-s) are in many cases parts of the cellulose tissues themselves, 
as is the ease in the seed-eoat of Linseed, the (Jaince, &e. 4kd the gum 
of Tragneanth, which latter consists of the eollenchymatous tissue into 
which the pitli and medullnrv mvs of the stem are gradually converted. 
They result from the abundant deposition of secondary layers in that 
state of the “ cellulose ” compound which is iutenuediate between cell- 
membrane and dextrine, just us the “ amyloid ” of the secondary lavers of 
the cells of some Lichens is an intermediate condition between cellulose 
and starch. Jiimomr and arahine arc formed in a similar manner, from 
the disorgauij^tion of the cellulose matters ; Itenco these materials^ to 
be looked on as excrementitiouS. 

009. Tho bright eohurs of tne parts of flowers arc produced by 
substances usually dissolved in the watery cell-sap ; sometimes, how- 
over, solid corpuscles or utricular structures are found swimming in 
coloured cell-.sap. 

In young tissues of flowers tho colouring-matter may be observed to be 
formed gradually in the vacuoles of the protoplasm,as the cells ex- 
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pand, inereasing in quantity until the soparnto portions coalesce and fill 
the ■whole cavity of the. cell. This is ^yell seen in the coloured hairs of 
the stamens of Tradescantia. 

The colouring-matters of flowers admit of being grouped in two series, 
the cyanic series and the xauthic series, with green as an intermediate 
colour ; thus, starting with greenish blue, the cyanic series passes through 
blue, blue-violet, violet, rnolet-red to red; the xanthic seriiis, on the other 
hand, passes from green to greenish yellow, yellow, orange-yellow, orange, 
orange-red to red. The cyanic colours are usually in solution; the xanthic 
colours are usually solid. It very rarely happens that the colours of the two 
series are met "with in the same flower; hence, though Dahlias and Roses of 
almost nil hues are now to Ije seen, a true blue tint has never been seen 
in either: and there are numerous illustiiitious of this fact in gardens. The 
various tints of colour are produced either by the interposition of colour- 
lass cells between those containing coloured 'juices or by the superposition 
of cells -with ditferent colouring-matter one over the other. '111113 an 
orange tint would arise from the superposition of yellow cells oven- red, 
and so forth. White is produced either by a very dilute coloured solution 
or by the presence of air in comparatively large quantities in the tissues. 
The velvety appearance of the petals of many flowers is due to the fact 
that the epidermal cells are raised in the form of small conical elevations 
like the pile of velvet, and the play of light thereon gives rise to the 
appearance above mentioned. 

610. Essential oils arc readily distingiiishahlo when they cxi.st in 
quantity suspended jn the cell-sap, or entirely filling the coll; some¬ 
times, however, they exist in such small proportions as to be uii- 
distinguishable, as i.s the case in many scented petals. 


The essential oils are developed, like the fluid colouring-matters, in 
vacuoles of the protoplasm, re.solved in time 
into one large cell-cavity bounded by the I'ig. o04. 

layerof theprotoplasm liningtheprimordial . ' 

utricle. The oily matters,eaoutehonc,resin.s, 

&c. are usualh’ fonnd in compound cellular 
organs, glaiMt, ducts, &c., to be, mentioned 
presently, under the head of Tissues. 

611. 'The watery fluids traversing the 
■tissnes of growing plants, in consequence 
of the evaporation from the lcavc.s and 
the continual absorption by the roots, j 
Bece^prily contain various inorganic 
salts masolvcd in them. 'Sloreover cer¬ 
tain o^anic acids, such as oxaljc, m|^'c, 

are always formed in the ' « w 

processes of vi^etable digiMtion. All 
these mbstances and their compounds 
are, for the most part, dissolved in the 
cell-sap; hut in most of the higher 

plants W0 find, in certain cells of the parenchymatous tissues, orystols 


ism 
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of definite composition, either scattered or collected into groups of 
definite form. These crystals arc called rajphules (fig. 504). 

It is not clear whether the raphides are to be regarded as a secretion 
or as an yxendion—that is, as substances useless or noxious to the plant, 
laid by in an insoluble fomi. The latter seems more probable. The 
I’olvgonaciae (^for example, the (larden Ithubaibj fonii abundance of 
oxalic and other organic acids, and they alwaj's contain a quantity of 
bundles of raphides composed chiell\' of oxalaU of lime ; in old stems of 
Caclaceie, the substance of the parenchyma is rendered quite gritty to the 
touch by crystfds of oxalate and phosphate of lime; the Musaceae contain 
crystals of sulphate of lime, &c. 

()12. (b-ystals usually occur free in the cavity of the cell; but in 
some plants, especially in the I’rticaeoa:', we find them accumulated 
on a elavato process, formed of cellulose, developed from the side- 
Wiall of the cell; these tire called njstoUihes. 

'riu'se curious structures arc well seen in the subepidermal cells of the 
leaf of Ficti't t-lduti'cii and other species—also in Parictana, the Mulberry, &e. 

Other important suhstances, such as the vegetable alkaloids and the 
great nunihcr of organic acids ustinlly associated with them, exist either 
dissolved in the cell-sap, intermixed with tlie protoplasm, or diffused in 
the solid c(dl-struetm'es as impregnating or incrusting substances. With 
regard to these, microscopic investigation Las not hitherto aiibrded any 
infonnatiuu. 


Sect. 3. Combinations of Cells. 

The Tissues. 

The simplest mode of combinatioTi of cells is that which is 
nu't with in a large number of the Alga? of low organization, where 
the rolls are associated for a time in what arc called colonies, the 
memlxTS of which arc more or less completely indepen^nt of each 
otlicr in physiologic,al rcsjtccts, but morphologically represent parts 
of a dctci niinatc whole; while ultimately they separate, each to lay 
the foundation of a new colony. 

Mxninples of this may be seen in the grouped Desmidieer, like Pedim- 
truvi ( tig. 402, n, a), the Diutumrfr &r., and in the PahneUcm ; to this head 
is also referable the structure of some of the filamentous Confervoids, 
^'o)v()cineic ^ig. 402. n). and I/i/drodicti/im. 

Tliese groups of cells are eitjter held together by simple attachment at 
certain points of their surfaces,.,as in the PesiiiidifiF, Hydrodichjon, 
Dititoma (tig. 402, n, o'), &c., or by their being enclosed in a gelatinous 
eonnnon envelope (re.sulting from the expansion or the decay of parent* 
cell membranes), as in the Volvocineee, Peumell^a, and yostoehinete, 

014. Tissue.^ properly so called consist of coUcetions of cells of 
nniform character jjcnnancntly combined together by more or less 
comitlcto union of their outer surfacos. 
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615. The tissue.>i are di.stiiisfnished into kinds according to the 
form of the cells, the character of the cell-menibrano, and the 
manner in whieli the cells are comu'cted together. 

Where the cells are roundish i>r elliptical, the tissue is called 
jparenchyma ; and this is ealled ini])erfeet or perfect aceordingly as the 
constituent cells have interspaces between them or arc closely packed 
80 ius to leave no intereellnlar spaces. Where the cells are much 
elongated, the tissue is called prosenehi/ma, and the constituent cells 
are known as fibres. ' Cartilaginous tissue ie known as coJlenchjpnn ; 
and two other kinds are charaetcri/.ed by peculiar modes of comhiini- 
tion of the cells, viz. felted tissue (teUi contiwta) and vascular tissue. 

The miUv-vessols (einmcfnpn't) appear to be formed out of intercellular 
passages, and not by fusion of cells, like the .“piroid vessels: hence they 
do not constitute a true cellular tissue; otherwise they would come under 
the head of vascular tissues. 

616. Imperfect parenelnpna (merem'lnpna) is comjtosed of cells 
■with more or less rounded surfaces connected itito a lax tissue, 
ntHje.ssarily presenting abundant intercellular pa-ssages and spaces. 
The cells are tolerably nuiforra glolnilar or oval («), or lobed, and 
connected at few points, leaving wide intercellular passages between 
them (6); in other ca.ses the cells arc more or less stellate, aud 
leave large spaces bptween them (o). 

The form a is common in. all young organa of the higher plants, espe¬ 
cially in the rind and the pith (tig. 470), in the pulp of fruits, Xc.; h 
Is very characteristic of the low<‘r stratum of the internal subslaiiee of 
leaves (fig. 472); e occurs in the stems and leaf-stalks of aquatic plants, 
in the pith of Ilu-shes (fig. 474), &c. 

617. Perfect pfireneht/mn is composed of cells Ijoundcd and united 
together by plane surfaces; where the cells arc regular polyhedra, 
of about equal size, the tissue is («) regular parenchipna ; if the size 
is unequal and the forms unlike, the tissue becomes (i>) irregular 
parenchyma. Certain modifications of regnhir parenchyma have 
received distinct namc.s, viz.:—(c) prismatic parenehyma, where the 
cells arc 6-sidod prisms with pyramidal ends; (d) nturiform paren¬ 
chyma, where the cells arc square or oblong, with the long diameter 
horizontal, and packed like bricks in a wall; and (e) tahnlar jmren- 
ehyma, where the cells are flattened from above downwards. 

The form a is abundant throughout all c1a.sse8 of plants, and is well 
aeen in fully developed pith of Dicotyledons (fig. 47tS); ft is even inoro 
common in the soft jterts of plants (fig. 477) ; c is met with in the her¬ 
baceous stems of Monocotyledons, and in tho upper part of the diaehyma 
of leaves, also in a woody condition in the testa or various seeds; d is 
characteristic of cortical structures, and may be seen in cork, periderm 
of Kreh, the rind'of the rhizome of Tattnis &c., also in the meduUary 
rays of Dicotyledons; e occurs specially in the epidermal cells. 
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Menmchvraa and narencliyma in llieir various nioditicationa run into 
ont' anotln'r l)y foimtk'srt intormwliatt' eunditions. 

(ils. ProuMc hijim (;(mipo.so{l of cells elongated greatly in one 
(lircetion, mid iilteiiuated to a more or less acute point at each end, 
formiiif; wliat is called iijjbrt. These fibres are necessarily united 
for the most part by their lateral surfaces, and their cuds are insi- 
nuatc'd into the spaces between those lyinf; ai.ove and below them. 

Wo distiiifiuisli in prosenehynia two modifications—(«) vjoo< li/fbre, 
composed of spindle-shaped cells of moderate length, and (b) liber, 
composed of very long slender colls which arc oeeasioually slightly 
branched. 

Woody fibre is the main constituent of llie trunks of Dicotyledons; its 
cells nre mostly of rectangular section, and the walls become greatly 
thickened witli nge. Llhcr, the librnus substance of the baik of Dico¬ 
tyledons, a itrineipal cnnstitiieut in tlie fibro-vaseular bundles of Mohocot 
tyb’dons (tig. 471), anil of the fibrous bii.-ks of fruits, Itv., is composed of 
very long ci.dls, wlioso membranes are of a peeuliar tougliness, even when 
greiitly tldekelied; tlieir S(>ction is eoinmonly roundish (tig. 470) or bexa- 
goiinl. The peculiar tenacity of the vegetable fibres, Flax, Hemp, &c., 
arisi s from the forms and mode of union of the lilier-cclls of wlttcli they 
consist ; tlie “grain" of wood is likewise determined by tlie dirt'c.tion of 
the long axis of the proseucbynuitous cells of which it is composed, 

(Uiniluithij/ cflU are long cylindrical cells, plneed one over the other, 
and not tiqiering at the ends, and are supposed to be channels for the 
piissag'e of the nutrient fluid. 

(11 !l, Colleiichi/nKi is cellular tissttc which has acquired a carti¬ 
laginous or horny texture by it-s ctdls becoming greatly thickened by 
seeoiidarv layers of a stthstance softening or swelling up in water, or 
on the addition of weak snliditirie acid. 

The laininatiim of the eell-walls is often invisible until after nmeera- 
tion ; so that the tissue looks like u muss of homogeneous substance, exca¬ 
vated into cavities, or like a collection of cells with abundant intercellular 



Fig. S05. Trsimriw sertion of coUenchyma-ccli« of the stem of Beet: o, thickened eell-wall. 

•Mngii. tis> diem. ..... ... ., 

Fig. 506. Sertien of llu« jtmriion of four eelle («) ofUg.-'iOS, treetssl with bydrocnlcnno amd: «, 
leminn Iwiinding the revity of the ceU»; t, swollen secondary layeni c, primsijr 
Mogo. 400 diftm. 
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substance. A solution of chromic acid also serves to show the laminated 
structure; but if used too strong, it dissolves the intercellular substance. 
This tissue occurs in the rind of many herbaceous plants, ns Cheuopodi- 
acesB (tigs. oO j k 500), Curur- 


Fig. 507. 


bUa, yyinpbaa (fig. 485), and 
in the pith and medullary rays 
of the species of Aslrayaltis 
(forming “tragacauth”); and 
to the same bead may be re¬ 
ferred the substance of fleshy 
endosperms (fig. 507), and also 
the cartilaginous thallus of the 
larger Algse. 

620. Teh contexla is com¬ 
posed of elongated cylindri¬ 
cal cells united end to end 
into filaments, and either 
simple or branched laterally, 
interwoven irregularly into 
a kind of felted mass. 

This tissue occurs in the 
thidlus of Lichens, forming 
the internal or medullary sub¬ 
stance, also in the thafins of 
some .41giB. The mycelium of 
the Fungi i^ likewise composed of felted cellular filaments forming a free 
cottony mass (fig. 468, b & n). 



Section of the rell* of the seed of SiopJumt japonic : 
u. thickened coIUwaUs; b, cavity of the cells 
(bounded by a double li&e). Mogn. 40 i) diam. 


621. Vascular tissue is formed by the fusion of perpendicular rows 
of cells; by the absorption of their contiguous walls they become con¬ 
verted into continuous tubes of more or less considerable length. 

When the constituent cells have spiral-fibrous secondary deposits, 
they are usually of proscnchymatous form, and they overlap each 
other so that the lines of union are oblique; sometimes thc.se .s])iroid 
tabes are distinguished as vessels from those formed of the usually 
shorter, mostly wider, and more or less flat-ended cells which have 
pitted walls, and which are called dotted or pitted ducts. 

Another kind of vc.ssels characterized by thin walls, often with 
the latticed marking (§ 585), arc distinguished as vasa propria. 

dotted ducts are coHbected with the spiroids through the scalnri- 
fhnn vessels, but in their extreme forms a'c very unlike, and are found iii 
rery different situations. 

622. The vessflJS like the cells (§ 586), may be spiral, annular, 
reticulated, or tealariform. The constituent cells may be long or 
short ; in the latter case the v^els arc sometimes called monilifonn. 
He i^itt(l*flbroa8 structure often remains -when the primary niom- 
bmne is absorbed at the surface of junction, so that the consli- 
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Spiral vessels (fig. 508) are found in the” youngest and most delicate 
parts of the plante in which they occur. They are the parts of the woody 
structure first developed in stems; they are extensively developed in the 
ribs of leaf-stalks and leaves, and almost e.xclusively constitute those of 
the organs of flowers, ns may be .seen in petals. In stems and leaf-stalks, 
especially of fast-growing organ.s, the constituent cells are often very 
long and the course of the vessels straight; in roots, and in concentrated 
rhizomes and conns, &c., the cionstituent cells are mostly short and the 
course of vessels tortuous. The .spiral fibre in the interior of these vo.ssel8 
has been considered to be hollow or tubular; but this is not generally 
regarded ns correct. ■ , , - 

Annular veMc/s‘(fig. o09) are found in situations similar to the last, 
being generally formed a little later in the same bundles. They are com- 
mpnly of greater diameter than true,spirals. This is the commonest form 
of vessel in the Equisetaceae. • 

Hetiailated vessels (fig. 511) are abundantly developed with the spiral 
and annular ^inds in succulent stems, roots, petioles. Sic. They are very 
important constituents in the fibl’ 0 -va.scular bundles of Monocotyledon.s 
generally. They are mostly of rather large diameter; their cells long in 
stem-structures, short apd irregularly formed in roots and in the inner 
cortical region of MpnoCotvledonom stems, where a number of vessels are 
often anastomosed into a land of network. 

SiHilariform vessels (fig. 491) are especially characteristic of the woody 
structures of the Ferns and Lycopodiacero, in which they sometimes occur 
of very large diameter. ' 

. Most vessels are cylindrical, and present a more or less circular section ; 
but the scalariforni are prismatic, u.suolly with an liexagonal section. 

Vessels, when oiice formed, are usually persistent; but in some water- 
plants the stem when young is traversed by a single spiral vossclj which 
di.sappears as the steni grows older, so that in the adult condition the 
stem seems wholly cellular with a central lacuna. 

623. The pitted or dotted (fig. 486)'are eharacterlstic of the 
wood of Dicotyledons, where they occur either scattered in the pros- 
enchyma, oy forming the principal constituent of the wood. 

. The walls of pitted ducts are not always uniform, this depending 
in some cases upon the nature ,of the organs with which they are in 
contact, whfethpr cells or other ducts, since the pits alway.s corre- 
BJkond on the'walls of adjacent organs, and they are ordinarily le.ss 
jiumerous' and less fegular on the walls of prosenebymatous cells 
thw «n those of ducts. 

ite pits and their bordore (§ 5S4) aro very generally somewhat 
elo^af^ obliquely ; and the canal Of t)ie pit is often enlarged into a 
transverse slit in the-,inner part,' >vliich in some eases becomes con- 
5aent;w|th that of its neighbours.- In some plants we find ducts with 
the lAaVked both with pit» and a spiral £bre, like the walls of 
the wood -bells of-ra-rwa (fig. '492).' • 

Pitted- duCts with uniform walls make to the chief mass of the wood 
rXetemkis, , InfhVvfoOd of (Elder, Beech, Hazel, Aldoif&c. we find ducts 
-vith 'i^te'flinalkerbtts on the walls adjoining otW dttc^hut distant or 
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absent on the walls adjoining wood-cells. In Bomhax the wood-cells ate 
for the most part replaced.by parenchyma-cells, and the walls of ducts 
^adjoining those have the pits destitute of the border &c. 

Pitted duct.s form the large tubes, visible to the naked eye, seen in cross 
sections of most woods, o.speciatly Oak, Mahogany, &c.. They are absent 
from the wood of the Conifera?, which is wholly composed of simpte 
wood-cells (iig. 487j. 

024. Vgsa propria aro elongated cells with thin walls, and either 
oblique oiTat ends where they adhere togother; tjiey Vary in dia¬ 
meter, like the spiroids, and present on their w'alls large pits or 
spiice.s, covered with a kind of line network, of- fibres, as in the 
clathrate cells described in a former section ($ 6<S5). 

Cells of this character twhich differ from the eonductiug-cells before 
ailniled to, in tliat the latter are destitute, of markings or pits^ always occur 
in the middle of the libro-vasciilar hundfes of Monocotyledons; and they are 
iiiternii.'ced, mo.stly in alternate layers, with the liber in the fibrous layer 
of the bark of Dicotyledons. They are strikingly distiniguisliod from spi- 
by containing thiclc and opake sap, wliile the latter usually contain 
onlv air when.fully developed. . ' 

Cii-spary includti.s under the head of coziducting-cells not only those 
cylindrical tubes before alluded to, hut also elopgaletl cell’s having the form 
and appcarnuce of vessels, except that they do not. form continuous tube.s, 
but are separated one from the other by partitions formed by the adjacent 
ends of the cells. The laticifiroiii ducts arc mentioned elsewhere. , 

I'lic 

t;2.'). arc combinations of tissues, of like or diftbrent form 

and eharaeter, into elementary struetiireS formed on definite plans, 
and destined for particular purposes in the economy of the plant. 

t)2i.i. In t!u! Bimplor. plants them geiicrall 5 " exists no distinction of 
systems : but even in the higher Algic ami l-icheus,there is a ditfer- 
erico in tlie cortical and medullary portions of the thallus. In plants 
jKissessing .stems and leaves, the fibro-vascular or woo’d-system makes 
its appeantnee; and wo may distinguish in the Ptiauerogamia three 
])iimarj- systenis, viz. the ^Jdhdsr, the Fihro-mpculur, and Cortical 
These aro all formed of pfojzer coiistitqeut cells* <«• tissue's.' 

Besides these, wc have systems which arc formed foV tHc most 
part by the interspaces betw/cen the cells of the above tiasues^ viz. 
the Aerial t$>!stem , consisting of intercellular passages, spaeps, or 
even large cavities; and the Secretory Systen}, including the inilk- 
vd.ssel6, reservoirs for 8ecrottti1n7^1aiids, '&el 

A. The Cellular System. ' 

()28. This name is applied to tlie cellular tissues forming the great 
mass of the living structure of plants. * In'the Thallophytes it forms 
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the whole organization, the superficial layer of the larger kinds of 
thallus not being a true cortical layer like that of the hif^er plants. 
In the Mosses and Hepalicie little is added to the ceiliunr system, 
the Jihro-vasculav system appearing in a very simple form in the 
stems, and the cortked in the shape of an epidermis to the seta. In 
the higher Cryptogamia and the Phancrogamia the cellular system is 
leas predominant, except in the temporary organs. In the stems 
and roots it forms the pith and medullary rays of Dicotyledons, and 
the diflFused medullary system of Monocotyledons, together with the 
cambial structures in all growing regions'; and it forms the mass of 
the leaves and' the parts of. the flower. It is in this system that the 
•vital processes of vegetation -arc chiefly carried on. 


B,’ The Fibro-vasoidar Si/stem. 

629. This system forms all the woody structures of plants, whieli 
in all cases are composed of a (juantity of conjoined portiuns of cellular 
and vascular tissue arranged in a peculi.ar manner. The kind of 
cellular tissue associated with the vessels being mostly prwcncIn/itKt 
or Jtbroiis tissue, the constituent edements of wood are called Jibro- 
vascular bundles. 

All woody substance appears originally in the condition of isolat cd 
fibro-vascular bundles, which, when they remain separate, form what 
sr# commonly called “ fibres,” and when they combine together into 
a solid mass, form “ wood.” The l^undlcs remain as “ fibres “ in tlie 
stems of Monocotyletlons; they uro in the same state in the earliest 
conditions of the stems of Dicotyledons; and such “ fibres ” form the 
ribs of leaves and other orgflhis. 

630. "The fibro-vascular bumllcs differ in their modes of growth in 
different Classes of Plants, which, in consequence of this, e.vhibit 
considerable difference in the structyre of their mature stems. 

The simplest form is absolutely i^thout the vcs-sels, as we find it in 
the Mosses and soraiS of the simple aquatic Phanerogarnia {Putamo- 
geton) composed simply of cords ijfrprosenehyma traversing the cel¬ 
lular tissue. " 

631,. Complete bundles, however, pow^s several elements ar- 
in definite order,; these belong to.the wood-region, the 
?iMjaildnm-rcgion, and the liber-region, Jhe t(/oo<i-region, which 
next the centre of the stem, is compoi^ of short-celled pros- 
encl^iiya intermingied with spiral and, other vessels (and in 
IH^fyl^ons pitted ducts); the «w»fittyn-region is composed of 
pmtenchyjma. in .* .nascent, condition, the cells .thin-walled, and 
rramdn|j^.their pRoaordiiff utricles the li^er-rcgion is composed 
of V^'long prosenchymatous tisBue"t(usualIy in'the condition of 
isolated or thin laminaa connected hy ceffular tissue in the 
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Dicotyledons). In the Monocotylodon.s the middle of the cambium- 
rcgioii is converted into vasa 

propria (fip;. 512). Fi;?. ‘513. 


(;22. Ill the Higher Cryp- 
togninia the hundh^a do not 
alter in their condition when 
once formed, and they ana- 
Mtoiiioso with those that suc¬ 
ceed them in sncecssive iiiter- 
nodos of the stem, so tSiat 
th(! til )vo-vascular structure 
appears continmus. In the 
^Monocotydedons the bundles 
• are formed by degrees, a cam- 
Innm-region occupying the 
central part at first; Imt after 
I a time this ie wholly resolved 
1 into wood, liber, and vara 
\ propria, ■ The.s(( bundles re¬ 
main isolated in the stem, 
never alter in condition after 
the first season of gi’owth, 
and turn outwards to termi¬ 
nate; lit the surface of the stem 
above imd below, aiinatomo- 



sing with I'heir successors. 5ronO('otrt,Ht<myu»fi1)ro-Tascular bundle (from the 
].I1 tho Dicotyledons. the Bl'mlix'of a. TranKeree 

. Hootion. B. Vortical suction: parenc^yni&m 

bllliulos in fl VOllTlg^ shoot some- which th«l)Wiidle» lio; K, wooa-oelU; spiral 

what resembio those of Mono- i:Tri;^?icSir"Ml;“ dhlm?’ 
cotyledons, but they stand in a 

regular ring round the pith. On the inside they present spiral and 
annular vessels; next, a mass of prosenehyma with dotted ducts, which 
passes gradually into the cambium-layer; the latter is bounded exter¬ 
nally by liber, among the bundle#’pf which are propria. These 
bundles are indeftnite in their growth. The lower extremities elon¬ 
gate indeiinitely in the root; tho upper extremities auastoraoso and 
become continuous with their, Bucoessors j and, above all, tha cam¬ 
bium-region is an indefinite focus of development, forming a new 
layer of woody substance inside, and a new layer of liber outside 
during every season of growth. 


The peculiarities of thdNibro-vascular bundles will be better under¬ 
stood when wo treat of the structure of Stems, 

Tho different mode of growth of flbro-’v^ular bundles has given rise to 
a particular nomenclature for' them. Thi© bundles of Crvptogamia, de¬ 
veloped in aU parts at once, are called simultaneous bMles; thow of 
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Phanerogamia, exhibiting when Toung a cambium-region, are progresnive 
bundles, which, c(‘aeiiig to develope at tiie end of the firet season in Mono- 
cotvledons, are dejinite, but when growing season after season, ns in Di- 
cotTledons, are tnd^nife. 


C. The Cortical Si/stem. 

633, In young stems and in herbaceous organs generally this 
system is termed the epidermal ri/steyn ; as stems grow older, this 
gives place to the hark or rind. 

The si mplest for m in which the epidermal system ean exist is that, 
iof a simjdo layer'jf flat cells firmly united by their.sides, forming a 
I continuous coat over the surface of a jdant. The constituent cells 
of the epidermis are entirely dcY-oid of chlorophyll or granular matter. 
Such an epidermis clothes all the organs of ])lants nhovo the (!lass of 
Mosses ; and it presents this simple general chavaetcr on all young 
fetmetures, with one special distiuetinn only, that on sul)nu'!ge<l 
lorgans and on roots it is absolutely eontinuons and impervious ; while 
on parts exposed to the air it presents more or less nuii*Rrous orifices 
guarded by a peculiar cellular structure called a stoma (fig. .513.a). 

( 634. The stomata are orifices between the meeting angles of the 

epidennal cells (fig, 514, It), in which (.‘rifiees lie, rather to the under¬ 
side, a pair of cells of sernilumu’ fonu (fig. 514, ('). sei»arate on their 

adjacent sides, so that in e.xpansion and contraction they close and 
ojwn a sliti-likc passage boneufh the su])erticial orifice. This slit 
(fig. 514, A, s) leads to an open intercellular space within the sub¬ 
stance of the leaf. 


In Nerium the stomata arc on the walls iif pit.s or depressions on the 
under face of the leaf. Sometimes the stoma is formed of four colls, and 
then either in two pairs, as in Ficus efastica, or the four cfdls form tlic 
quadrants of a circle, as in various Proteaceje. 

Stomata are most abundant usually on the lower surface of leaves, often 
iwanting on the upper surface—except on the floating leaves of ntpiat ie 
rnlants, where they exist on the, upper surface, and are absent wlierc tlie 
leaf touches the water, 'lliey are occaslomdly found in tlie interior of 
organs, as on the replum of Crucifers. They vary in froquenev, partly 
bearing proportion to the size of the cells of the epidermis, partly irrela¬ 
tive to this. Sometimes ICO will be found in a square line, sometimes ns 
mainr as 1000 to 3000. On the leaf of Brassiea Jlapa a sqtiare line bears 
1800 on the upper face, .3500 on the lower; Victoria regia 1800 on a 
square line above, and nonchclow. A few other examples may be cited 



On the ufper 
fAce. 

• On the Jowpr face. 

Cherry-Laurel . 


625 to a square line. 

Laurustinus . 


625 


Daphne Mesereum . 

. do. 

.30 


Carnation . 

. 250 • 

250 


Garden Flag. 

. 80 

80 


Garden Rhubarb . 

. 7 

.30 


Lilac .. .... 


000 

t* 1* 
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From the researches of ])iichartre, ^Moiren, and others, the following 
conclusions may he drawn, subject, however, to many exceptions. .Sto¬ 
mata are more abundant in woody than in luTb.aceous plants, in leatheiy 
rather than in leaves of thinner texture. Succulent leaves contain the 
smnlhist numbers of stomata. Where leaves are alike in texture and 
colour on both surfaces, the number of stomata is about equal on both 
■side.s ; when one side ia glossy and the other dull, the stomata are most 
iibundant on the latter &c. 

Fig. 514. 

A 



I'ij;. Kpfdfrmia of the lower snrfaec of the leaf of UrUcbomtftTlidut \ rr, atomit. 

200 iliain. 

I'ijz. SJ-l. Ktoinato of the lenf of T*eudo’-Viirr%f‘9\t». A. Vertical «eot5on of the opi« 

iUtimaI nnd subjacent cells, {tsasiug throuch a c» eutieular pellicle ei- 

teiuHnjj clown into the stomatiU (swity. ft & C. Uorizontnl section of the epi- 
ciennis, naHsinc throiiffh the plruw of ^ in A; B, seen Irc»m above; C. seen 
bolow; a, snmner epidenunl eells eom*spondin^ in position to the stomatai but 
reniaininji in their orii^inai condition, Muf^. diain. 

The cells of the. epidermis exhibit a great variety of forms in 
the loaves and petals of Phaiierogamia. It is very common for the 
side-walls, by wliieh they adjoin, to bo siuuons or zigzagged, often 
pvosontiiig very elegant i)ntterns, e.specially on petals. The c.vtemal 
wall of the cells is usually more or less convex; and in petals this 
condition ia carried further, through numerous gradations, until we 
find a papillose condition, arising from each epidermal ceU being 
produced above into a little obtuse cone. 

(530. Hairs and scales of all kinds, “scurf,” such as we see in 
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the Broraoliaccfc &c., depend on the development of the epidermal 
i cells. Simple hairs are merely single epidermal cells produced into 
I a tubular lilamcnt; eell-multiplieation usually occurs in such hairs, 
so that they present a number of joints (fig. olO, />) ; and not unfre- 

Me'. 515. 



Fig.515. Epid«‘rmal a, gl»nil of In vertical soction.", simpli* 

hair of Pe/atycnitint; r, nair of J, hair of ganlcu ('hr^^u»• 

thrmunt: r, Kuir of a Grt-eilUa ; hair 4)f thc^uibil of Achimvitcif, with a j'lttn- 
dular torminal cell. All magn. 50 diam. 

f qucntly they arc more or less bninehed (fig. 515, c, d). Glandular 
hairs differ merely in certain of their cells seeri'ting oils or resins in 
their cavities (fig. 515,/). Heales are i)rodueed by epidomial cells 
growing out into fiat cellular plates instead of projecting filaments. 
■ Tlionis, such as those of the Hose, the .spines of leaves, like* those of 
the Holly, itc. are epidermal products in which the cells become 
tliickened by woody secondary deposits. 

037. The most remarkable diversities of condition of texture of 
herbaceous organs depend on the consistence which the epidc'rmal 
layer accpiires. The leathery texture of evergreens, the woody cha¬ 
racter of the leaves of Conifers, &c. depend chiefiy on depo.sits formed 
on the wall of the epidermal cells. 

In all epidermis exposed to the air, the. outer walls of the; cells 
become early strengthened by secondary deposits; these arc very 
thin and slight in soft herbaceous leaves, especially f^hen siicli 



Vertieid secstton of epidermal ceU» of the leaf of Ho^a earttota : a» the portion of the 
•eoooditf^f li^er coloured jcllow by iodine. Magn. 440 diam. 

Fig. 517« Sectiosi aa in nfr 016, treated with cauBl.io i>otaah: a* detached cuticular ))cUiclo; 5, 
theJayeie (dTmiokening of the outer walli of the belle, ifagn. 44u diam. 
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plants arc roared in a warm, moist atmosphere. In leathery or 
hard leaves, also in the thick tough leaves of .succulent plants, such 
as the Aloe.s, lloija (fig.s. .510 & 517), &c., the secondary layers acquire 
great thickimss; and in the epidenni.s of the branches of Viseum 
(tig. 518) the cells become absolutely filled up, and the cells of the 
subjacent layer of ti.ssiie also suffer the same change. 


088. In the cour.se of this 
exposed to the air, become 
the same time fu.scd, as it 
wore, into a continuous 
layer all over the surface, 
of the orgjin ; and by mfi- 
ceration or applying nitric 
acid we may separate this 
“•filter stratum as a con¬ 
tinuous .sheet or pcUiele. 

Thi.s layer, wjiich strongly 
resists decomposition, is 
called flu; (fif'- 

517 it 510, rt). Home 
authors explain its origin 
by supposing it to bo a 
substance excreted from 
the outer walls of the epi¬ 
dermal cells, and hardened 
into a pellicle (like a var- 
iii.sh) there. But by tracing 
the development, it is seen 
to bo merely the altered 
outer walls of the cells. 

In ([i/ats, the inner la- 
minm of the secondary de- 
]>o.sits exhibit, pits (§ 582) 
like those found on the 
walls of wood-cells; but 
this is a very rare phe¬ 
nomenon. 

(189. The aiirial roots of 


iickening, the superficial lamina;, 
or less chemically changed, and at 


Fig. 518. 



«n*ti(>n of ecll8 of okl bteiw of 

Viacuni itlbnm. LK) diain. 


Fig. 510. 



Verticrtl ms iiou of fpiiU-nual ivHs of U- {Ubot'u^ 
a, cuticle. Magn. 440 diatn. 

Oreliidacca? eifliibit a curious structure, 


the growung extremities being clotiied by a whitish cellular tissue 
composed of several layers of '-cells with a delicate spiral fibrous 
deposit on their walls. This layer forma a kind of coat over the real 
epidermis of the root, and is known by the name of the velameH 
mjliemi. 

640. (7nriL —The young shoots of Dicotyledonous trees and shrubs 
arc clothed with epidermis Uke herbaceous plants; but before the 




512 


PHYSIOIOGT. 


close of the first season of growth, in most cases, the green colour 
gives place to brown, which is owing to tlio formation of a layer of 
cork from the outer layers of cortical parenchyma. Cork is com- 
poswl of tabular thin-wallcd cells, containing only air ; tlie surface 
of the corky layer is usually rough and irregular, and it peels off in 
laminae periodically in certain plants, being renewed by development 
from the green cellular layer which it covers. 

In some plants the corkv layer is little developed, in others very much, 
as in the CoVk-Oak. In the Vine and Clematis the corky layer is scarcely 
distinguishable after the (irst year’s growth, as the bark breaks away, down 
to the liber, in stringy .slmals. In I'iscitm no cork occurs; even in shoots 
eight or nine years old the epidermis remains, but completely consolidated 
by secondary deposits, as noticed above (§ 6ti7). 

D. The Aerial Sifstem. 

641. In most parenchymatous tissues of the higher plants wc find 
the cells so disirosed as to leave passages of greater or less capaeity 
between them, which passages arc u.sually found filled with air, n])- 
parentiy secreted from the oontetfts of the ceUa. In imperfect paren¬ 
chyma (fig. 470) those inttrvtllulnr passnijes oc,(tupy a very con¬ 
siderable portion of the space filled by the tissue, and they inter¬ 
communicate in all directions. The spongiform cellular substance 
of loaves is traversed by larger passages of this kind (fig. 472), ex¬ 
panded in many places into air-spncen, forming a continuous system 
of cavitic.s, which are in direct communication with the external air 
by the stomata. When .stellate cellular tissue exists (fig. 474), the 
air-spaces are very extensively developed. 

No intercellular passoges or .spaces e.vist in young tissues; the}’ are 
subsequently formed by the cells separating from eaclk other as tiiey 
exp.-iud, and excreting air into the intenspace.s. 

642. Air-catxth are long tubular channels, in petioles (Nym- 
phoeacea;) or stems {Hippurix, Votamogeton, &c.), bounded by a 
cellular wall, and generally arrat^ed in a definite manner in the 
organs in which tiiey occur. They aro sometimes continuons through 
long tracts of the stems or petioles (Nymphseaccm), or they are sub¬ 
divided into cham1>ers by cellular diaphragms occurring at intervals 
(petioles of Musa, stem of Jllppuris, Mgriophytlurn, &c.). 

643. Lacurue arc formed by thi|;«^iiui(fr tissue being tom down 
and destroyed by expansion of the igillpQiding tissue: examples of 
tiiif occur in the fistular stems of ^befliferte, which when young 
have a solid pith; but this is tom away by the expansion of the 
cylinder of fibro-vascnlar bundles, and leaves a tubular cavity. The 
hollow stems of Grasses, of Equisetaeem, &o. originate in the same 
way. 



TUB SBCllETORY SYSTEM. 


E. 2'he Secretori/ Sijutem. 

<>44, The stnictures in which are found the .substances usually 
ciilled the secretions of plants, eonfeist of ijlands, reservoirs, and canals 
for j>eculitir secretions (vesiu.s, oils, &c.), and the so-called millc- 
vesseh. They for the most, part occur only in piirticular plants or 
particular orpjan.s, and present many special modifications in dif¬ 
ferent Natural Orders. 

(Id."). (,’lauds arc the structures of this 1\ind most frequently met 
with, and they are generally connected in some manner with the 
epidermal tissue. Glands may be divided into simple, and compouml, 
and also into external and internal. 

Simple ('xternal glahds'afe in iuost cases glandular hairs; {. e. the 
terminal cell of a jointed hair is expanded and fiUed with oil or 
•other secretion. Of this nature are the glands of the foliage, flowers, 
d'c. of many Labiata', .Scrojdiulariaccoc (fig. 515, f ), itc. 

Simple inti'rnal glands arc mostly isolated cells of the layer imme¬ 
diately subjacent to the epidermis, a,s in the leaves of JSeijonia, 
Ltisimnehia vnh/aris, the petals of Magnolia, <.fec. Such glands occur 
also in the leaves of I.auraceu'. 'I'he cystolithes of Urticaceffi are 
ruliitod to these (^.012). 

Coiiijmund. e.rternalj/lqmls are sometimes hair-like growths from 
tho'epicTefuiis', with the summit (Drosera) or the base (Diefamnus, 
fig. 515, rt) developed into a cellular nodule, the cells of whieh either 
contain the secretion or stirrouiid a large ceutral cell filled with it. 
Other superficial glands form papilla’ of various shapes, in like manner 
either wliolly formed of secreting cells, or with a central reservoir, 
a.s in the Hop, Begouiacete, Rosaeetc, Leguminosa;, &c. 

t 'ompound i nternid (/la nds are commonly 
reservoirs 'surrounded by.li’ specia 1 layer of 
celhs. lying ju.st beneath or sometimes rising 
in a dome-shape !i little above the surface of 
the ejtidcrmis. Examples of this occur in the 
lea ves of Itnta (fig. 520), the rind of the fruit 
of Oranges, Lemons, &c., leaves and stems of 
llyi)ericaeea’, Itlyrtacesc, &e. 

None of tliese glands have excretory duets like Vritiiai scuoii of t-i.i«iiruiis 
the glflud.s of nuiraaLs. In mauv eases the seci'e- sabjiux-nt ijiaiid <>f 

tion.s exude through the membrane, and give a 
peculiar elianreter to the surfao^i^the organs in 
whieh tlii'v are fouud. A very ‘giteral fonu of secretion of this kind is 
the extulation of saccharine fluid from the superficial cells, very coitunon 
at the ba.se of petals and ovaries, on the stigma, and sometime.^ on leaves, 
or at particular points of the lower surface of the leaves, as of Pritmt* 
Laiirocerasus, tlie Laurustinus, and other shrubs. 

046. Utimjs aK> a form of glands, consisting of a long, stiff and 
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pointed hair expanded into n bulb at tho base, containing the poison. 
This bulb is surrounded by a layer of cells derived from the epidermis, 
which by their tension exert a certain pressure, whence it results 
that when tho point of the stinging-hair is broken off, tho fluid is 
pressed out from the orifice. 

647. lieservoirs for peculiar secretions may bo regarded as a 
highly developed form of tho internal glands. Those of tike Coni- 
ferce consist of cylindrical bundles of thin-walled colls, filled with 
resin, lying in tlie midst of the wood, parallel with the fibro-vas- 
eular structures. Similar reservoirs exist 
in the roots of Khubarb, in the leaves of 
Aloes, (fee. 

648. The canals for sccretioiis differ from 
the foregoing in being intercellular channels 
bounded by a definite layer of cells conjoined 
so as to form a closed tube. Such canals 
of;cur, containing resin, in the bark of tho 
C'onifcne, in the petioles of C/'ycadacccc, in 
the TJmbellifene, Composite, Anacardiaccm, 

&c. &c. 

649. The miUc-vesselsot-JM^^'ouscnnals, 
containing the laie,r or milky juice of Papa- 
veraceffi, Euphorbiacea;, Cichorace®, Ac.,ai>- 

I pear to bo intercellular pjissagcs which be¬ 
come bounded by a false membrane from 
altei'ation of tho walls of the cells between 
which they lie; and this ^^ew of their struc¬ 
ture has till recently been the one most 
generally adopted; but the more recent 
researches of German and French ana¬ 
tomists lead to the conclusion that they 
vessels, from the confluence of cells into t ubes. Trecul even states 
that the laticiferous tubes anastomose with the true vo.ssels and pass 
their contents into the cavity of the latter. They occur most abun¬ 
dantly in the pith and inner layer of the bark of stems, and in the 
cellular substance of roots, and are found in tho form of more or 
less regular, simple or ramified channels in stems, petioles, &c., but 
much more irregular and tortuous in, rooto, and frequently anasto- 
mpsed into a complete network, jExajnples of tho former may be 
feond in stems of Papaveracem, Fim elc^ica, &c.; of tho latter in 
the roots of the Dandelion (fig. 621), Chicory, <fcc. Dippol, who 
made a special study of these organs, holds that the laticiferous ves¬ 
sels replace the “ clathrate cells ” of other plants. 

The milk-vessels contain an opalescent granular fiuid, in which 
are suspended globules of caoutchouc or other rosins, and frequently 


Fig, .5:21. 



from tho rt)ot 
of Dandelion. Magn. lOGtllam. 


are formed, like other 
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also starch-granules. The milky character is only acquired on ex¬ 
posure to the air, and it disappears again as the juice hardens into a 
resin. 

Latex-canals are remarkahlo among the secroting-appiratus of plants, 
from tlioir juices containing many of the most active and important 
of the special organic compounds. Besides the pure gum-resins, such as 
Caoutchouc, Gutta-percha, Gamboge, Ac., they cany substances contain¬ 
ing vegetable aUtaloids, such ns Opium, Lactucaaium, &c. 


Sect. 4. Internal Anatomy op Organs. 

GoO. All young plants arc composed of coUular tissue alone ; and 
the Thallopliyte.s never aetjuire any of the more highly developed 
“ systems ” which wc meet with in full-grown flowering plants and 
the higher Cryptogamin. In the stems of the latter, the “ systems ” 
jtresent s])ocial modes of arrangement, respectively characteristic of 
the great Chissos. 

'J’he more or less uniform condition of tlie ti.ssues inthe Thalloph 3 rtes is 
connected with great simplicity in the phy.si'(logical pi’uces.ses of vegeta¬ 
tion and growth; while in the higlnsr plants the dill’erenco of internal 
organization is nccompaniod by iniportaii,t differences in the modes of 
development of the axis. It would eaWS^i^a to exceed our limits very 
widely to enter into minute details of the internal structure of the organ's 
of vegetation of plants generally; but it is requisite not only to give a 
general sketch of the plan of organization, but to describe ^me of the 
more important modifications met with in the higlier Glasses. 


Structure of Stems ifr. 

G51. As a general rule, jilanis possessing stems and leaves ex¬ 
hibit in their stems a definitely arranged fibro-vascular system, the 
bundles of which send off branches, or pass off themselves entirely, 
to form the ribs and veins of the leaves. The sumo axial system 
furnishes below, directly or indirectly, the bundles which constitute 
the woody central mass of roots. 

Kxceptions to the above occur in the highest Classes, iii plants with 
vegetative organs of low type and in aquatic plants; in the latter espe¬ 
cially, the fibro-vascular bundles seldom extend into the blade of the leaf. 

Gi)2. The simplest form of lie fibro-vascular system is seen in the 
Mop-ses (p. 4ffl), where a cord of-proscnchymatous tissue runs up the 
centre of the thread-like stem, and in some cases sends off branches 
to the leaves. y 

G53. In the tycopodiaco® (p. 412) tho axis of the stem is occupied 
by a fibro-vascular bundle containing spiral and sedarifonn vessels, 
which is regularly developed onwards with tho growth of the point 
of tho stem, sending off lateral branches of spiral vessels where loaves 



516 


PETSIOLOOr. 


arise, but undergoing no cliango after the internode in which it lies 
is once formed. 

654. In the Kquisetaeem (p. 414) a ring of isolated fibre-vascular 
bundles e.xists in the periphery of the aiu'ial stem, surrounded by 
liber-cells and parenchyma ; these, again, are simultaneous bundles 
(§ 632), and grow only at their points as the stem elongates. Tho 
constitueiit vessels are spiral or annular. 

655. In the i’ejiis (p. 416), where the stem acquires griaiter di¬ 
mensions, we find a number of fibro-vascular bundles standing in an 
irregular circle, surrounding a central cellular axis, and e.\.tcrnally 
surrounded by a kind of rind. The bundles do not run straight up 
the stem, but in waved curves; and they*anastomose laterally and 
separate again, leaving wide passages of communication between 
the central parenchyma and the rind (fig. 522). The bJianches of 
the bundles going to supplj’ the leaves are given olf at the anasto¬ 
moses of the main bundles; and the bundles running into the (ad- 
ventitiou.s) roots arise at. similar places. These bundles are “ simul¬ 
taneous ; ■’ and therefore the stems never alter in dimensions when 
once formed. 

In cases like that of AmjlopUrh eveeUt, where the stem is reduced 
to very small proportions, l^ere arc, according to ^lettenius, three 
zones of fibro-vascular bundles, one within the other, and eonnccled 
by intervening net-like bundles. It was formerly supposed that 
vessels of the scalariforra type were the only ones that occurred in 
' Ferns; but it is now well known that spiral and annular i-csseks 
also occur especially in the younger portions. 

650. All the above forms of the stem are characterized by being 
developed only at the point, and co7itaining only such bundlo,s a.s 
Urc unlimited in growth at their apex, but have their elements de¬ 
veloped simultaneously, and “ completed,’' as it were, in each inter- 
node, stop by stop, with the elongation of the stem. *i 

From this circumstance, these higher Cryptogamia are often called 
Acrofjem, or Acrobryn (point-growers). (Sec pages 192 and 19*3.) 
'■^657. The stems of Monocotvledonous plants (§ 30) havo a very 
different organization from the above. The most striking pconliaritj', 
at first sight, is the isolation of the fibro-vascular bundles, which, as 
a rule, do not anastomose in any part of their course through the 
stem, and arc • scattered singly in ,the parenchyma of the stem 
(fig. 523). Another important circumstance is, that tlicy pass entirely 
into Iho leaves at their upper ends (fig. 524, a), while at their lower 
extremities they approach the surface of, the stem and anastomose 
'with their fellows to form a more or less developed fibrous network, 
separating the rind or cortical parenchyma from the central fibrous 
part of the stem. It is from this network that tho fibro-vascular 
axes of the (adventitious) roots are derived (fig. 524, 6). 
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658. The stems of Monocotyledons are very generally herbaceous, 
and thus present very important varieties of form, arising from non¬ 
development of intemodes, according to regular plans. These modi¬ 
fications disguise the structure; but it may be readily understood by 
means of diagrammatic illustrations of some of the principal forms 



Fig. o24. 



Fig. 022. Diagram of the arraagement of the flbro'Taacular bundles io the stem of a ^ 
Trce-fem. * 

Fig. 523. Diagram roivresenting the arrangement of the fibro-vaacular bundles in a 
Falm-stem. 

Fig. 524. Another diagram, repreeonting the upper (a) and lower (6) extremities of a ' 
Mouoeotyludonous trunk, with its fibrous layer where the stem-bundles 
terminate and those of the root commence, enclosed by a cortical layer. 

659. The libro-vascular bundles of Monocotyledons (fig. 525) 
being of the definite (§ 632) kind, they acquire their full develop¬ 
ment in each internode before the leaves to which they belong faU; 
and hence the stems of this class do not iHcreose in diameter as a 
general rule, but have a columnar character when they form woody 
trunks. But there are exceptions to this rule. 

660. It has just been stated that the fibro-vascular bundles termi¬ 
nate below, near the periphery of the stem, and there form a more 
or loss evident network of fibres; this network constitutes a kind of 
sheath round the general piass of the stem, and is itself covered by 
a more or less developed rind, or cortical parenchyma (fig. 524, 5). 
The tissue in the region of the flbro-vapcular network, or fihroua lay^, 

2a 
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remains in most cases in the condition of cambium, as wo see adven¬ 
titious roots readil)' formed in this situation. In Dractrnci, Yucca, 
and some other woody ilonocot3’ledon8, the stem becomes increased 
in thickness with tlie a^e of 


the tree, by the formation of 
layers of liber-like prosen- 
chj’ma in this Jihrous lai/cr 
pushing the rind outward. 
The original central fibre- 
vascular system of the stem 
remains unaltered. 

(iGl. The region, at the 
junction of the central and 
cortical parenchymas, where 
the fibro-vascular bundles 
terminate, should perhaps be 
called a ca mbi um - region, 
since the cellular ti.ssuo situ¬ 
ated here retains its develop¬ 
mental power in many eases. 
The essential different' be¬ 
tween this and the cainhiiim- 
riug of Dicot)'ledohs depends 
,on the fact of its not coin¬ 
ciding, in a parallel arrange¬ 
ment, 'wdth the cambium-re¬ 
gion of the fibro-vascular 
bundles, but with the e.ctrc- 
mities of the bundles, "which 
alw'ays remain isolated from 
each other. The successive 
layers of fibrous' structure in 
Dracaena &c. arc formed in 


Fig. 526. 



Jilonocotylodonousflbra-vaaoiilttr !)uudli‘(from tht* 
spadix of Vhtrm-x ditoiyUJ'era). A. TransMTSt* 
Bfction. B. ViTf icul svetioii; parfiichynta, in 
which the bundh'Hlii*; /r, wooa-oelU; 
vesacls; rf, reti('ulal»d ducts; i’p, vasu proprui i 
A liber-cells. Magn, 100 dium. 


like manner of isolated bundles, imbedded in parenchyma; they are 
unconnected with the old bundles of the primary axis, but an; con¬ 
tinuous above 'W’ith the lower endsoi bundles belonging to the bram-hes 
occurring in these stems i 

662. The stems of herbaceous Mqnocotyledons have the fibro- 
vascular system alwaysjn the form of *• stringy ” fibres imbedded in 
(Succulent parenchymain those perennial stems of the Class 
;"wbich acquire a solid',%oody structure the ligneous character dc- 
Ipends, not on the fibro-vascular system, but on the general paren- 
'chyma of the stem having its cells lignified, of which wc have 
examples in jfche Cocoa-nut and other Palms, in the Bamboo, &c. 

*66y. ^0 rfnd of the Monocotyledonoua stem, totally different 
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from true larh, is generally little developed. On herbaceous stems 
it is a more epidermis ; but on fleshy rhizomes it sometimes acquires 
eonsiderable thickness, and is then found to be composed of spongi¬ 
form parenchyma, with large air-oavities, the whole bounded ex¬ 
ternally by a few layers of tubular parenchyma with a corky outer 
surface. 

A certain number of forms occur ab'Trnnt from the type above described. 
In Aloe the tibro-vascular.bundles are so arranged as to form a kind of 
cylinder, separating a central from a cortical parenchyma. In the Smi- 
lacem, DiostmiH^ncem, and some other Orders the rhizomes imitate still 
more the Dicotyledonous aiTangoment; for not only do the bundles stand 
in circles, they do not pass wholly off into the leaves, but run continuously 
througli the structure. Still there is no periodical resumption of activity 
in the bundle.s, as in the IJicotyledons. In Tradoscaniia, and in the Grasses 
also, anastomoses of the isolated fibres take place at the nodes of the stem. 


The stems of Dicotyledon s, and of Coni¬ 
fer® which agree in the main points, are at 
first of very simple structure, almost resembling 
those of the Ferns; but their fibj'o-vasculav 
bundles being of the hidefiidte kind, capable of 
lateral growth by addition of new elements season 
after season iu their outer regions, the full-grown 
stems depart widelj' from the preceding typos.' 

For puriioses of comparison, attention must be 
conliiieu to shoots or stems of llieolyledous iu their 
first year of growth, as the formation of annual layers 
is a plieiioiueiion to which there is nothing corre¬ 
spondent iu the other Glasses texcepting Conifers). 

^'^505. When a young herbaceous stem of a 
Dicotyledon is cut across, we find the fibro- 
vascular bundles standing in a circle around a 
central parenchymatous mass, the pith, and 
Ainveloped by a cellular rind (fig. 5'M). The 
bundles i-un in tolerably straight vertical courses. 



and anastomose freely; a certain number of iiingium of tu® »rrangc- 
bundlcs belong to each leaf; but they do not SrbaudU-siiiaparHng 
pass off into the leaves, merely sending a branch ofs bkotjiedon. 

from the inner vascular part of the bundle, while the outer woody 


mass is prolonged upwards, and is uninterruptedly continuous with 
a new bundle belonging to the leaf directly above it (which, as 
follows from the laws of I’hyllotaxy (§ 60 et se<]lq’.),M generally at a 
distance of sevcrnl iuternodes). 


666. As the stem increases in age, each fibro-vascular bundle forms 
a wedge-shaped mass of wood (fig. 627) by development of the inner 
part of the cambium-region, and at the same time a layer of liber 

2 A 2 
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at the extreme outer side, next the bark. At the close of tlie first 
season, therefore^ we have a central pith (fig. 527, p), immediately 
bounded by the vascular portion of the bundles (called the meilullan/ 
sheath) (•>« s), from which pass the branches to supply the leaves 
with ribs; next come the wedges of wood (w), formed of prosen- 
chyma (pr) and ducts (d, d) in most Dicotyledons, of prosenehyma 
alone in Conifers, which passes into the camhial or reproductive 
layer (e ); and this is continuous outside with the Zt'fter-bundlcs (1), 
corresponding to the wedges of wood; the liber-fibres, like the 
inner vascular elements, send branches to form part of the ribs of 
the leaves. 

Fi-. 527. 



i 


Dicotyledonous flbro-vascular bandlf fPUne-tree) of one year’s growth. A. Transvjrt* 
section. B. VerticHl section; i^aberoaH layer of the bark; cp^ cortical i>arcnoh3'niH 
2, liber; e, cantbium-region; deducts lying in the prosonchyina, or wtxxl-ceUp,!«■; m*. 
medullary shoath of spiral tt^ssels; p, |Htb. Tlie structures ct>nncct«*d bv ft belong to the 
bark, those marked tr to the wood. In A, the bundle is seen to be f>ouncled on each side 
by a medullary ray, running from the pith to the cortical parenchyma. Magn. 50 diam. 

667. The filtto-vascular bundles, standing side by side, do not 
become absolutely united, but are separated by thin plates of com¬ 
pressed cellular tissue, running out iTOjn the pith to the cortical 
paipnchyma; these plates are called Tnhlullarp rap s (fig. 528). 

668. The liber-portions of the bundles are associated with rows 
of clathrate cells (§ 585), and frequently with latex-jsanals, and they 
are surrounded by a layer of parenchyma, composed of cells filled 
with sap and containing chlorophyll, the celltdar envelope (fig. 627, 
ep)-, and this is protected externally by the dry suberous layer 
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(*/), which succeeds to the epidermis when the herbaceous shoot 
acquires a woody character. 

Many special modifications of the above type are met with in Dico¬ 
tyledons. In the PiperaeeiB there is a kind of double concentric circle 
of fibro-vnscular bundles, the inner circle supplying the leaves, but not 
possessed of a i:ambium-region; while the outer circle is of the ordi¬ 
nary tmlinuM character. In tin; Sapinilaceaj, Malpighiacere, and some 
other Orders, part of the fibro-vaseular bundles remain separate from the 
principal circle, and lay the foundation of a number of secondary cylinders 
of wood, enclosed by a common bark; this phenomenon may ^>6 well 
observed in CWt/care^/oM, wdiere a square form of the stem results from four 
fibro-vascular bundles remaining free-from the central cylinder of wood 
in this way. 

In the Nyinphneacefc we find a very aberrant condition; the fibro-vas- 
cnlar bundles, formed of vessels and parenchymatous cells alone, without 
wood, are quite isolated, <lestitnte of camhimn, and form a complicated 
interlacement olosely resfmihling that occurring in Monocotyledons—there 
being no distinction of pith and medullary rays, and no hark. 

A still more frequent source of diversity lies in the varied nature and 
mode of aiTangement of the elements of the mod. In tlie Plane (fig. 527) 
w’e.see the spiral and annular vessels succeeded by a body of prosenehyma, 
in which are scattered large pitted ducts. In tlie Hazel and Alder these 
ducts arc far more mimordus, as they are also in the Lime. In the Oak 
the prosenchymatous cells are very small, and Itecome greatly thickened, 
hut the ducts are large. The Box hius very small and dens(' prosenchyma- 
cclls and few and small ducts. In the spongy wood of the Bomhaceae the 
prosenehyma is almost wholly replaced oy tllin-walled parenchyma. 

In tliH *Comf(*r.‘T3 there is a total absence of ducts, the wood being formed 
exclusively of prosenchj-ma with the peculiar borderedpiU (fig. 487), or, 
a.s in T(U «.s', with both pita and a spiral fibre (fig. 498). 

()t!9. 'With the commencement of a second season of growth, a 
Dicotyledonous stem begins to acciuire its espcci.al peculiiinties. 
When the buds open to produce new shoots, cell-division recom¬ 
mences in the cambium-region of the old bundles, and an additional 
layer of w'ood is added gradually during the season to that formed the 
year before. Season after season this process is repealed, and thus 
the cross sections of the stems present a series of concentric lauiinm 
of wood corresponding to the number of seasons during which the 
stem has existed (figs. 528 & 529). 

The concentric lamoUffi of wood in Dicotyledons really annual 
rintjn ill most trees of temperate climates. In the tropical trees it 
frequently happens that more than one ring is formipd annually. In 
our own trees an interruption to the vegetation, such as Ls caused 
by an accidental defoliation during the summer, produces additional 
annular markings. lu the common !l|eet-root several rings are 
produced in one season. 

In some tropical trees (Malpighiaceoe) the concentric circles are not 
very clearly marked; in others they arc even separated by a distinct layer 
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of parenchyma. In the Bignoniaceffi it is common to find the wood 
divided into four large portions, separated hy wedge-shaped cortical struc¬ 
tures, giving in the horizontal section the form of n cross. The old stems 
of such plants as the Sapindacero &c., above referred to, with isolated 
bundles outside the central woody cylinder,"acquire very anomalous 

Fig. 628. Fig. 520. 



Fig. 528. Diagrams of cross sections of a onc- 3 'ear (A), two-vear CB), anti thrcc-yoar old (C) 
DicotylcdonowR stem, or of the branches 1, 2, anc( 3 of 6 g- The letters A 

indicate5, snberous layer; e, cellular envelope running in to the bluek niedul« 
laryrays; liber; c, cambium-region; n, wooil; medullary rays; »t, medul¬ 
lary sh^^ath of spiral vessels; v, pith. The figures to C, 1,2,3, mark tlie wood and 
liber belonging to the Ist, 2 nfl, and ilrd year. • 

Fig. 529. Diagram of a vertical section of a Dicotyledonous stem .'i years old, with 3 branches 
marked 1 , 2 , 3, indicating the age in years oT the branch and the internode below 
it. The figures below denote the ages of the layers of liber and woo<l; o, pith; 
c, cambium; m, medulla^ sheath; w e, layers of wood; I, layers of lioer; 
cellular and corky layer of bark. 

« 

fonnswith age,since each fcollection of fibro-vaacular bundles is developed 
annually in its cambium-region, and hence the stem assumes the appear¬ 
ance of sevend stems enclosed in a common hark. In Cycads more than 
one year is required to complete a wood^j-^one; thus, in very old stems 
oFCycads, only a few rings are seen surrounding a voluminous pith. 

670. As woody trunk* increase »m size, the oldfer parts of the 
wood frequently go on increasing in‘density by the formation of 
Mcondary layers in the cells of the prosenchyma; thus the old cen¬ 
tral wood becomes more solid, forming what is called the duramen 
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or heart-wood, Avhich is sometimes deeply coloured by chemical 
changes or secretions of various substances, as wo see in Ebony, 
Lignum Vitae, Ac. The young external layers of wood, in which 
the .ascending current of iluid passes freely, is called the albumum 
or sap-ivood. 

(i71. The fibro-vascular systems of the branches of Dicotyledons 
originate itidcpendently in the bud, but soon become blended with 
those of the parent axis, with Avhich their layers of increase become 
uninterruptedly continuous. When a branch is broken off short, 
leaving no buds upon it to co?itinuc its growth, it becomes sur¬ 
rounded and ultimately entirely enveloped by the succeeding annual 
layers of wood, and in this way forms a “knot.” The numerous small 
knots of the wood of Pinug gj/hestris arise from certain of its branches 
being broken off while small. 

C72. Tho pith or medidla consists of parenchymatous tissue, filled 
with nutrient matters, stored up for the use of the growing tissues. 
It is of most service in young twigs, and becomes inert in after-life, 
and often disappears as the wood grows. It exists cither as a con¬ 
tinuous cylinder, or is broken up into disks separated by cavities one 
from the other as in the Walnut. In some cases some of the cells 
of the pith retain thoir vitality longer than others, so that there is 
an admixture of living .and dead cells; and in this way the differences 
in the pith may even serve to distinguish' certain genera one from 
the other. 

073. The 'medidlary rny.<!(fig. 52.8, A) which separate the primary 
bundles arc developed in the cambium-region with the yearly layers 
of wood, and always extend to the cortical parenchyma; in the 
layers of successive years the new elements of the wood separate into 
jKirools divided by secomiary medullary rays (fig. 528, B, C), which 
arc repeated in each successive season. The course of the fibro- 
vascular bundles being slightly sinuous, from their lateral anasto¬ 
moses, the medullary rays have, singly, uo great vertical dimensions ; 
and their t^ansvc.u’se diameter varies in different cases. Their cells 
become lignified in heart-wood. 

071. The liber isiisually formed in successive thin laminae composed 
of slender laterally anastomosing bundles of liber-cells; and in some 
pl.ants these laminae arc ^parated by layers of parenchyma, so that 
the liber-structure of old stems m.ay bo split into its annu.al layers. 
In some stems the liber ceases to grow after the first season. 

The host of which Russia matting is made consists of the separate 
liber-layers of the Lime-tree. jThe “ luce ” of the L.oee-hark tree (^getta 
Itntearid) is the liber, and that of other tret!S of the Order Thymclace® is 
used for tying ilp bundles of cigars &c. 

675. The cellular envelope (fig. 527, cp.) is generally in an active 
condition of vegetation during the growing-season, since its tissue 
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must increase laterally (tangentially to the stem) to allow of the in¬ 
creasing diameter, while it produces the new suborous structure on 
the outside. 

676. The suherous layer differs much in its condition in different 
trees. When it is composed of a few layers of tabular cells slowly 
increased within as the surface splits and decays, it forms a mere 
periderm : in some trees this is formed of alternate layers of large- 
celled and small-celled tissue, and splits and curls u]> iTif.o rolls, 
which gradually fall away (Birch). In other cases it is thrown off 
periodically in large plates by expansion of the s'ilbjaccnt green cel¬ 
lular layer which reproduces it (Plntanun). In the Elm, Oak, &e. 
the corky layer is developed regularly internally, and does not sepa¬ 
rate ; it hence acquires considerable thickness, and is irregularly 
split up by the expansion of the stem, thus forming a rugged riiid. 

In the Cork-Oak the suberous layer is greatly developed, receiving 
considerable increment every year, composed of thin-walled niuri- 
form parenchyma. 

In the Vine the old liber is tlirown off annually with the .scarcely distin¬ 
guishable peridenn; and the same takes place in Clematis. 

Striieture of Moots. 

677. The anatomy of roots presents important modifications ; but 
the.se are less striking than those met with in stems. It is neces¬ 
sary to restrict our account of those organs to the. principal facts 
only. In all eases they have a fibro-vaacular axis enveloped in a 
more or less thick cortical parenchyma, covered when young by a 
delicate epidermis devoid of stdfiiata (sometimes called epiblema), 
when old by an epidermal tissue of cor^ nature. 

678. The roots of the Vascular Cryptogamia (Ferns, Lycopodiaccm, 

&c.) are all adventitious, and, excepting in the comparatively few 
arborescent forms, are soft, succulent filaments dying off after a cer¬ 
tain time, to be replaced by new ones formed higher up on the .stem. 
Their structure consists merely of a central fibro-vascuby axis, sur¬ 
rounded by a cellular cortex and an epidermis provided vrith nume- 
rou.s root-hairs of a yellowish colour. . 

679. Dicotyledons produce an axial (§ .35) root, which is a direct 

prolongation of the .stem downwards; andi^oth this and the adven¬ 
titious roots frequently dfevelopcd on the stem have the peculiar Tin- 
limited fibro-vaseular structure found ifi the stems of this Class, and 
may become -^oody and increase b/ annual layers like the ascending 
axis. • % 

680. The radicle of a Mono cotvledono us embryo is never deve¬ 
loped; but if we make a section m the lower part of the embiyo, we 
find one or more little conical bofics imbedded in the parenchyma ; 
these are the nascent adventitious roots, which soon apxtoar exter- 
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iially by breaking their way mechanically through the superficial 
tissue. The anatomy may, however, be more easily studied by 
tracing the development of the adventitious roots on the rhizomes of 
Hushes, Flags, and other plants of this Class. The roots originate 
(fig. 5.30, A, a r) in the region where the fibro-vascular bundles of the 
stem terminate (and frequently form a fibrous plexus (§ 657)). They 
are at first wholly cellular, and we may distinguish in them three 
parts,—a woody axis, which soon becomes continuous with the fibro- 
vascular plexus; a.cortical parenchyma, continuous with the inner 
part of that of the parent stem; and a kind of conical hood of rather 
douse cellular tissue, enveloping the end of the root. As the root 
grows, it pu.she.s the hood forward, which breaks down the cellular 
tissjio before it, and finally appears externally. When the epidermis 


IS ruptured in this way, it presents 
slightly like a collar around the 
base of t he free part of the root; 
this i,s called the coleorliiza (fig. 
53t>, B, <•) by some authors. The 
conical hood upon the apex of the 
root, called the pUeorhiza (fig. 
536, 15, p), is more or less per¬ 
sistent in diflferent cases ; in aipia- 
tie plants it becomes greatly de- 
velo])od, as may be seen in the 
lhickwccd(/lemji«), where it forms 
a long sheath, appearing as if 
slipped over the end of the rootlet. 
The focus of development of the 
root is within the pUeorhiza, 
which is pushed forward by the 
continual development of cells just 
behind the apex. 

The pUeorhiza may be compared 
to a kind of shield or guard to the 
tip of the root, protecting the nas¬ 
cent tis.suo, by the expansion of 
which it is pushed forward, itself 
always possessing a certedn solidity 
which enables it to penetrate be¬ 
tween the particles of the soil. 

681. In a cross section of the 
root of a Monocotyledon'wo see the 
centre occupied by prosenohjTna- 
tous tissue, with a circle of vessels 
around it; the whole enclosed by 
regular parenchyma, sometimes by, 


circular free edge standing up 


Fig. 5.30. 



PoTolopjnflnt of otlTontitaous roots in Spar^^ 
niuni. A, B. Fralgmonts of « rhitome with 
cortical pari'nchyina (cp)» fibrous layer (/^ 
where, the ttbro-vusculurbundlcrt h*Tmmatej 
and central region (m |») in which the bun¬ 
dles run. A, a r, shows an sdrentitious root 
arising Cram the oautbium tissue at the ont- 
sideofthe fibrous layer; iu B the more ad- 
Tano^ root (a r) has cmertfed, a 

ragged ooJItu* or coletorhisa (e), and nansg 
a r^-hood or pileorhisa on its extremity. 
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liber-cells and covered by an epidermis. The ring of vessels'prea ds 
out into a kind of rosette at the base, and anastomoses with h c ex¬ 
tremities of the fibro-vascular bundles of the stem in the fibrous 
region (fig. 530, /). Secondary adventitious roots are formed in the 
same way in the roots, originating immediately upon the vascular 
ring and breaking through the cortical parenchyma. 

The woody adventitious roots of arborescent Monocotyledons differ 
only in the greater development of the fibro-vascular structures ; and 
they emerge from the stem (Palms) in the form of thick conical 
shoots. 

682. When adventitious roots, like those just described, die away, 
they decay down to their very origin, and leave a sear in the form of 
an orifice surrounded by tlie ragged coleorhiza. 

In the thiekened adventitious roots of As/xirat/m, whicli porfonn the 
function of tiibfru, the parenchyma is greatly developed. In the tuber¬ 
ous roots of Orchids (tigs. 20 & 21') the central woody 
a.xis becomes irregularly e.xpanded into ])arencliyuiatous 
tissue driving the vessels out nearly to the periphery, so 
that the characteristic strnotiire is greatly disguised. 

The aerial roots of the ep'phytin Orchids have the grow¬ 
ing extremities clothed by several layers of a paroti- 
chvmntous tissue, in which the cells are chartictcrized by 
delicate open spiral-fibrous .secondary lavers. 

683. The axial root of Diootyleclons, being a 
direct continuation of tbo stem, displays a circular 
group of fibro-vascular bundles ns in the ascend¬ 
ing axis; but these mostly converge at the point of 
junction of stem and root (eoUar), so that the 
central axis of purcnch)'raa, the /Jft/t, is usually ab¬ 
sent, the medullary rays (§(i67) remaining as in the 
stem, llxtcrnally, again, there is a difference, since 
the liber-bundles vanish and the carahium-region 
passes at once into the cortical parcncliyma, here 
colourless and succulent, and this is clothed by a less 
prominent periderm than the stem. The roots of 
Dicotyledons increase in diameter by annual layers of wood formed 
in the fibro-vascular bundles, these, however, being much les,s regular 
in their arrangement than those of the stem on account of the tor- 
tnous course of the roots; henco while the wood of the roots is often 



Extremity of the 
root of 11 jccrrni- 
nHtinjv Turnip. 
MajjTi. SO diatu. 


useful (for ornamental purposes, it is comparatively valueless for 
carpcnti^l^useB. .Hie branches of the axial root are originally 
growthsthe apex of the root, thrown off to the side, ns it 
were, and iheir woody axis is derived from a division of that of the 
main root. 

The radicle of a germinating Dicotyle’don has its pUeorhiza 
(fig. 531), and grows, in tho same way os that of the Monocoty- 
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lodons, l)y development of eolls just behind the apex. Young roots 
are covered by a delicate epidermis; and the cells of this are 
abundantly produced into hairs (JthriUm') in many plants, especially 
in those growing in light soils; these fibrils are deciduous, the deli¬ 
cate epidermis (which is always destitute of stomata) being gradually 
converted into a corky layer. 

.\dvcntit.ious roots are very common in Dicotyledons, especially the 
hcrbai-eons perennial kinds, and they alone can exist on plants raised 
from cuttings ikc. of stems. The roots originate much in the same 
way as those of tlu^ Monocotyledons, appearing first as cellular cones 
in tlu! region adjacent to the cambium-layer, with which the fibro- 
vascular structure soon becomes confluent. They break through 
the rind, with a coleorhiza, and protected by a pilcorhiza, just as in 
Monocotyledons ; but wluni once formed, they appear to branch in the 
same manner as the axial root, and not by the formation of secondary 
adventitious roots. 

Tnt’.ul staters that the structure of adventitious roots ditfers accor¬ 
ding to the part of the stem whence they emerge. If, for instance, 
they originate opjiositc a fibro-vascular bundle, as in Nuphar, the 
centre of the root is occupied by a bundle of fibro-vascular tissue; if 
they spring from the stem oppo.sitc the pith or cellular tissue between 
the vessels, then the centre of the root is likewise cellular. In 
('ry])logauis, according to Xiigeli, the roots always originate opposite 
a fibro-vascular bundle; The primary form and disposition of the 
roots dejiend in a measure on the form of the terminal cells and on 
the direction of the partitions by which it is divided—lengthwise, 
horizontal, or oblique. 

Tidjerons mots of herbaceous Dicotyledons present several modifications 
in th(^ arrangement of tin* stnictures. In the Cairot and Parsnip the 
tibro-vnscnliir ring has its component parts much separated by the great 
developimuit of tiio medullary ravs and mas.«es of parench}*ma replacing 
the ordinary prosenchyma of woody roots, so that the fibro-vascular stnic- 
tun'has ,a deceptive resemblancetothatof .Monocotvledons; and the cortical 
parenehyma, again, is gi'catly developed, so as to form a thick fleshy rind. 
In the 'I’urnip the cortical parenchyma is little deielopcd, and the mass 
of the flhro-vascnlar bundles lies immediately under the rind, the.inner 
vascular parts of the bundles being split up, as it were, into a row of 
fibres radially arranged and imbedded in a gyeat quantity of lax paren- 
cliyiiui. The fibro-vascular bundles converge at the “ collar,’’ and then 
separate again to siuTound the piVA of the .stem; they also converge again 
towards the point of the root. These so-called roots are more nearly 
allied to the stem, and are, indeed, hypocotyledonary stems, 

'file structiiro described under the name of spnngioles has ho existence 
ill nature. The error has probably arisen from the appearance presented 
bv the pilcorhiza. 

Hoots grow by ceU-ctevelopment only near the apex; and interstitial 
expansion soon censes. Old roots of Dicotyledons present a dense heart- 
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wood like the trunks, the pnssrvf'e of fluid takiii^ place through the o\iter 
lavera. VV'hen the older parts of roots ai-e exposed to the air by re¬ 
moval of soil, they acquire a thick corky periderm. 

The general structure of the root of Conifers is like that of Dicoty¬ 
ledons. 

Structure of Tjeaves ^-c. 

684. The plan of construction of the leaves and of the other 
appendioiilar organs of the stem is in the main identical throughout 
all cases;. but there is very considerable variation within the limits 
of the general type. 

685. The essential character of the anatomy of a. leaf is, that it 

is an expanded layer of parenchyma clothed over its whole surface 
with epidermis, and furnished, according to its degree of development, 
with a more or less extensive and complicated framework of tibro- 
vasoular bundles. * 

In the leaf of the Turnip, for example (fig. 532). we find an 
upper (e) and lower (e') epidermis (§ 633), with an intermediate 
mass of parenchyma (or merenchyma, m, m’), rather close in the 



Pngection of a fraraent of th<* of the Turnin, coiwtruofced from spotiona ma^o in various 

direotto^ and mogn. ICtOdiam.: e, ppidermiB of,the upper aurfaw with tta atotnata; e’, 
, ^ndennu of the lower fiicn; itomata, cut tbrotigh, apkivang into inierccllular cavities; 

close parenchyma of the upoer part of the leaf, m»loose and sponf(y parcnchynm of 
tho lower part; /A the cut enn of a flbro-vaacnlar btin^eforming one of the reins of thf 
leaf. / 

upper part, khd spongiform in tho lower part. The epidermis is 
studded with stomata («), which open inW intercellular spaces com¬ 
municating freely throughout the spongy titeue, and, further, through 
the petiole, with the intercellular passages in the stem. The fibro-vas- 
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cular system {riba and veins) nins through the lower lax parenchyma 
(fig. 532, f. h), and consists of bundles of spiral vessels and liber, 
the former continuous with the medullary sheath (§ 666) and youngest 
part of the vascular axis of the stem, the latter continuous with the 
liber-bundle outside the cambium. The primary ribs in most Di¬ 
cotyledons contain much liber, and thus become very thick, so as to 
project from the lower face of the leaf. 

The primary ribs have a structure almost precisely like that of a small 
branch, though the cambium-layer or layer of aciivej growing cells is 
sometimes placed between the fibro-vascular bundles and the upper or 
iimor epidermal layer in the case of loaf-organs, while in the case of the 
stem the organizing layer is situated between the fibro-vascular bundles 
and the lower or outer epidermis. 

Great diffe.renees result from the difl’erent degrees of development of the 
spongy portion, as may bo .seen by comparing the leaf of the Lilac with 
that of the .\loe or Mesembryanfheimim &c. The degree of consolidation 
of the epidermis by the formation of thickening layers (§ 637) is the 
priuci])nl source of difference of .solidity of leave.s. 

(>.‘<6. Submerged loaves of aquatic plants have no stomata nor 
any extoiisive intercellular system; the epidermis is also little deve¬ 
loped, and there is commonly a total absence of fibro-vascular veins; 
hence the delicate and perishable character of these organs. 

687. The leaves and other appendicular organs are especially the 
sent of the glandular and analogous epidermal structures (§ 636). 

68,S. The p etioles usually consist of a mass of parenchyma, sur¬ 
rounded by cpiSormis and traversed by fibro-vascular bundles 
arranged in a more or less semicircular manner.. When cylindrical 
the bundles form a complete circle, and the structure is then un- 
di^tinguishablo from that of a young branch, on which account the 
ordinary le.'if has been regarded as a branch thij upper portion of 
whose vascular tissue.s are suppressed or depauperated. 

The fall of the leaf is effected by the gradual formation of a layer of 
thin-walled cells across the petiole, at right angles to the direction of the 
other tissues, and which thus ultimately separate the inert leaf from the 
living stem as by a knife-blade. 

Structure of the Floral Organs. 

689. Bracts, sepals, petals, &e. are organized on the same plan as 
lo.sves, their epidermis frequently presenting raised conical cells and 
having stomata. The tissues of these organs are more delicate, the 
fibro-v,oscular structures being almost exclusively fpnned of-spiral 
vessels. The parenchymg of petals contains fluid colouring-matters 
(§ 609) instead of chlorO^yll. 

In the parenchyma of the floral organs of coloured structures, the cells 
are tilled with fluid colouring-matters of various tints, the depth of colour 
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depending on tlie greater or smaller number of layers of Colour-cells 
beneath the epidermis, the tints diilering' accordingly as cells containing 
colouring-matter of dillerent hues overlie one another. 

690. Stamens and pistils are composed of rather regular paren¬ 
chyma with a delicate epidermis, and fibro-vascular ribs more or 
less developed in different eases. 

The structure of the anther is somewhat complex, varying not only in 
different plants hut also in diiferent stages of growth. Xt first consi.sting 
of cells of about the same size and h)riii, it subsequently prc.sent,s a ceiitral 
mass devoted to the formation of the pollen (see under I’liysiology of 
Keproduetive Organs). ' This central mass is overlain by three layers of 
cells: first in onler going from within outwards is the ciidothectum, con¬ 
stituted by a single layer of deliciite cells of a different size and slnqu; 
from the rest, and usually disappearing n.s the pollen-grains are matured. 
These cells apparently contain nitrogenous contents, supposed to be 
applied to the nutrition of the polli'u-eclls during their growth. This 
layer is persistent in the case of anthers opening by pores. Succeeding 
the endothecium are one or more layers of permanent cells, some of 
which eoniain apinil fibres. These cells constitute the weso<AfW«Mi. The 
tibroHs cells vary in number and situation in different plants, and are 
’sometimes entirely absent, a.s in the on.se of anther-s npenincf by pores; 
hence they are supposed to act hygrometrically in the dehi.scence of 
valvular anthers. The third layer of the anthers is of an epideniml 
character and is ca|led the erotheAum. The connective has the general 
structure of the filament; sohietimes, as iu some Jdlies, it contains fibrous 
cells. Kach cell of the anther is partly siihdinded by cellular projections 
from the connective: to these processes >t. ('hufin gives the name of 
plncentouh, being of opinion that they contribute to the nourishment of 
the pollen. 

The pistils and fruits have, for the most part, the general structure of 
loaves. Some of their fibro-vuseular bundles run >ilong the jilaemitas and 
give off spiral ve.s.sels tiirough the funiculus (§ 264) to tenninate, at the 
chalaza (§ 2.66) of the ovule. 

The .style.lia.s usually in the coittro a quantity of loosely packed, cylin¬ 
drical, elongated cells, constituting the coitdHcdity tissue for the pollen- 
tubes. The stigmatic cells are devoid of epidermal covering, and hence 
present the form of partly detached prominences or papilhc. 

The coats of the ovule, as well as the nucleus, are usually wholly 
cellular; occasimially, however, the vascular tissue, instead of censing at 
the chalaza, is prolongoal upwanl.s into the coats and into the nucleus. 
Great changes take place in the nature and amingement of the cells as 
the ovules ripen into the .sdwls. The disposition of the cells of the outer 
investment of aqeds is oftim very beautiful and characteristic. 

In the ripening of the fruit the organizing tissues, which carry on tlio 
growth of the ot^an, are situated between the inner epidermal layer and 
the fibro-vascular zone, as in the oasfs of leaves. Moreover the fibro- 
vascular bundles are arranged, as iu the leaf-blade, with reference to a 
surface, and not in a cylindrical disposition as' in stem-organa. 

691. The anatomy of the thalamus or rocoptaclo corresponds with 
that of the stem. Hollow receptacles, like thoce of the Hose or of 
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the Apple, in which the carpels arc enclosed or imbedded, have 
essentially a stern-structure, their cambium-layer being placed 
between the fibre-vascular zone and the outer epidermis. 

Anatomical investipjatioiis show that inferior ovaries (§ 1.'58) are really 
cases of adhesion of the imbedded carpels to the expanded upper ex¬ 
tremity of the thalamus. 


CHAPTER II. 

GROWTH AND DEVELOPMENT OF ORG.VNS. 

J)i I'dopment of Cells. 

002. The cells originat<' in the interior of preexisting cells; but 
the jdioiiomonon docs not depend upon the ccdl-mcmbrane; it is 
altogether a result of changes taking place in the cell-contents. 

In the majority of cases cells are perfected within the cavity of the 
parent cell; l)ut in the zoospores of the .Vlgic we have an example of the 
iiilly developi'd, newly individualized primordial utricle, with its con¬ 
tents, escaping from the parent cell in a naked condition, and forming its 
cell-membrane subsequently. Mirbel aflirmed that cells were not in all 
eiisi's formed within other cells; and recent observations tend strongly to 
conlirni thi.« opinion. 

(itlL Development of colls in plants takes place in all cases in 
essentially the same way: but the form of the result is subject to a 
number of important modifications. 

The modifications may bo classed under two principal head.s, in 
each of whieli class wc meet with various subordinate varieties. 
These two modes of cell-development are :—1. CWf-cZhasion, where 
two or more new cells accurately fill the cavity of the parent cell 
and adhere firmly to its membrane, gmng the appearance as though 
the original cell had been sinqdy divided into compartments; and 
2. Free-ce ll for mation, in wliieh the whole or part of the cell- 
contents become detached from the cell-wall and resolved into one 
or more new cells, which have no adhesion to the membrane of the 
])arent cell, and ultimately e-scape from it. 

Cell-division is the process nuivei’sal in the formation^f' the cells 
by which vegetative growth is ofTccted; Free-eell fhm^tion occurs 
only in the production of cells connected with roprodnetion. 

It will render the comprehension of tile plienomeiia easier, to describe 
cell-formation first, althougb, from the statement ju.st made, it is evident 
that free-cell formation is the primary phenomenon in the life of every 
plant that originates frem a seed or spore. * 
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Cell-division takes place in nil growinf^f parts of plants, but in the 
higher classes these regions are only accessible by dissection; in the lower, 
and especially aquatic plants, we are able to observe the process of cell- 
division in living organisms in all its details; and it is in these that the 
phenomena are most satisfactorily studied. 

694. Cell-division can only take place in a cell which retains its 
protoplasm in an active state. When the parent cell is about to 
produce two (or four, or rarely more) new colls, the primonlial 
utricle -or protoplasm separates from the cell-wall at the line 
bounding the plane of division, and advances inwards in the form 
of a narrow fold, until the portions of the fold coining from the 
different side.s of the cell coalesce, and the protopl.asm is resolved 
into two (or more) closed utricles, together completely occupying the 
place of the original utricle. While the protoplasm is folding inward. 


Fig. 633. 



Section of the outer layers of the rind of Crrmt permiaiuu soaked in alcohol: a, cortical 
cellfl with contrt^tHl protoplfgnn, MomA with newljfbrnied SApift (e); h, fork CfUs nowly 
formed hy dmilon in the cater cortical ocUc; c, epidermal cidls; rf, ctitich*. Mneii- 
200 diam. ^ • 

it deposits at the same time succes-sivo layers of cellulose all over 
its surface; and these form thickening laroinse on *tho wall of the 
parent cell (to which they adhere), continued into a double septum 
separating the cavities of the two now cells, formed by the infolded 
portions of the protoplasm (fig. 633). This takes place not only in 
the vfgetatire cells but also in the pollen. At other times the 
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new dividing cell-wall is formed gradually, after the sudden division 
of the protoplasm into tw'o portions. 

This phenomenon may be traced very clearly in all its minutise in large 
species of (loulerveic ( ('ludophora, fig. 5.‘W); and so far as we may judge 
from observations, extended from similar cases, through the accessible 
structures (nascent leaves, prothallia, &c.) of Mosses, Ferns, &c., up to 
what we can detect in sections of the tissues of the Phanerogamia, it is 
the univ'ersnl mode of subdivision of c. lla. 


Fig. S.'ld. 



CtA\~>\h\»ior\ in Cfadophorn ifloinfmlti. A. Part of a filament in a nnturol condition: ff.ccU- 
lufinlirtino; i% primordial utricle or protoplaam; x, situation where iliviaion is about to 
Uikc phu’e. & C. Stujjea of th'* forrruitiou of a septiun at .r, the filament having been 
treatetl with hIcoIio! : a, wall of tho parent cell ; A, walls of the new cells ; c, protoplasm. 
,D. Septum of old filament freat<‘d with dilute auiphuric acid, to swell up and separate 
the lamina* of the eell-wall and contract the ifrvdoplasm; o, wall of parent cell; A, 
wall of daughter cells; c, protoplasm. Magn. 2lX><liam. 

fi!);"). Tlic principal varieties which this process exhibits depend 
on tlic character of the tissue to which Ihe dividing cell belongs. 
In filamentous Confervoids this division takes place in mo^ cases 
both in the end cell of a filament (apical growtli) and in c6ll9 form¬ 
ing links further down (intercalary growth); in each case the parent 
cell elongates more or less beyond the ordinarj' measure before di¬ 
viding, and the now cells each grow until they equal the adult 
length of the parent. In tho branched CladopJwrce (fig. 465, b) 
&c. tho parent cell sends out a lateral arm, which is at first a pouch 
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with its cavity continuous with tlmt of tho parent; and tliis is sub¬ 
sequently shut off by a lateral septum formed in the manner above 
described. Tho Imsidlospores of the Agarics Ac., and the spores of 
Penicillium, nofrytiit, and the allied forms of Fungi, are produced in 
the same way, as also are the conuUa of the “ Yeast-fungus,” the new 
colls emerging like bubbles blown out from the wall of tho parent 
coll, and becoming subsequently shut off b)' a similar process. In 
the Phanerogamia, the cells of the grou-ing points, as of the apex 
of buds and roots, of tho cambium-layer of the stem, &e., multiply 
while very minute, so that it is not so easy to trace the change*; 
but cell-division may be readil)’ observed in the ejjidennal hairs of 
the highest plants, and the protopla.sm is observed to be equally 
efficient as the agent of multiplication in these. The direction in 
which the division takes place is usually horizontal, sometimes 
oblique, rarely if ever strictly vertical. It will readily be surniiscal 
that the form of the organs and the mode in whiob they ramify may 
depend materially on the fonn of the terminal or apical cells, and on 
the direction in which they divide. 

The production of complete wlls within cells, the septa dividing the 
new chambers being contmiious with new lamiiue (h'posited on the old 
wall of the parent cells, nmv not only be observed din>ctly in (.’Itulophoni 
(fig. 534, D), but is beautifully proved by allowing lilamentB of ‘Spirojiyra 
to decay in water ; but these break up into lengths of eight, four, and two 
cells, and at last into single short cells, by the solution of the mcnibrnnes 
from without inwards. 

The softening and swelling up of the.se parent membrnnea douhtle.s8 
give rise to the, seniigclatinnus eoat of many of the lower Alga’, espe¬ 
cially the Kostorhinecf and In the cells of the parenchymatou.s 

tissues of the higher plants, their parent membranes are mostly lost sight 
of by being expanded to e.vtreme tenuity, since tho colls here usually in- 
crea.se very much in size after their lir.st. formation. In woody ti.ssues, 
formed from cambium-cells, they are mostlj- .so thin as to be almost im¬ 
perceptible ; but it appears as though in some instances they became 
transformed into a kind of cement gluing the cells together, but capable 
of being dis.solved by nitric a(ud so as to set the wood-cells free. 

696. Cell-division occnr.s a.s a forerunner of free-cell formation in 
many ca.se8, when a ti.ssue i.s about to give birth to a great nunibtT 
of free cells; as in tho formation of the pollen-grains in anthers, and 
the spores in the sjwranges of the higher Crj’ptognmia, where the 
structure is in the first in.stance develojKxl into a quantity of chambers 
by cell-division, each,of the compartments then producing a free cell. 

This must be borne in mind presently, when wo com^ to speak of the 
modifications of free-cell fortuation. 

697. The essential character otfree-cdl formation lies in tho cir¬ 
cumstance that the protoplasm which produces tho primary ccl- 
lolose wall of the new cell previously bwomes separated from the 
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•wall of tho parent cell, so that the new ecll is free (or loose) in the 
cavity of the parent. 

The modifications of frec-ceU formation are numerous. 

698. Tho simplest case is where the protoplasm, enclosing the 
whole contents of the parent cell, separates all over from the wall 
of the parent cell, and, while thus free, produces a cellulose membrane 
over its n’hole surface, which constitutes the w.all of a new cell. 

This takes place in the formation of the p.'ireut cells of the pollen, in 
the cells of the parenchymatous tissues of the central region of the anther, 
and som(‘tinies, hut not always, in the formation of the pollen-grains. It 
appears to occur also in the formation of the parent cells of the spores of 
Mosses, llepatictc. Ferns, &c. It is more readily observed, accompanied, 
however, by spc'cial phenomena previously taking place in the “ contents,’" 
in the formation of the rosting-sporcs of the Confervoitl Algae. In (Edu- 
(/o/iiiini tin; whole contents of the parent cell of the spore become isolated, 
and, secreting a now coat, form a free cell, which eseape.sby the dehiscence 
of the parent cell. 'The reating-.spDre of Spirotjyra is formed in a similar 
manner, but around the blended contents of the two conjugated cells (fig. 

; the sporungo.s of Desmidiacem lU'e formed in a similar manner. 

Tho n-al character of the phenomena presented here is well illus- 
trntod by comparing tho formation of tho resting-sporc of (Edo- 
tinniiim with the propagation of the same plant by zoospores (fig. 535). 
in tlic latter, the whole contents of a parent cell escape into the 
water (?>, c) and assume a globular form, bounded simply by tho 
jirimordial utricle or denser portion of the protoplasm (e), and it is 
only after a time that tho cellulose membrane constituting the coat 
of the new cell is produced on the surface (/). 

Fig. 335. 

«t e 



Dovolopmpnt of looeporc in (Edofoninm: a, paront fllnniont; ft, a joint breaking aeroas to 
emit itn contents: c, a more ndvanced stage (the globular mass of contents (nascent soo- 
aiwrc) still within a cellulose pellicle); 3, empty parent-cell; *, the soo^re escaped 
from it with its crown of cilia formed: tl'c sooapore, after it haa settled down, become 

encysted by a cellulose coat, and begun to grow into a new filament, hfagn. 2(» dikm. 
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690. A case clo.>it'ly analog;ous to tlii.s is whore the whole coutenls of 
the parent cell become parted into four or more portions, collectively 
filling the parent cell, but free from it, so that when they secrete 
their membi-anes they become so many free colls, which escaj)o by 
the bursting or solution of the parent cell. 


This case occurs frequently, with the production of four cells, in the 
development of polhni-grnins and the spores of the higher Cryptogamin. 
Sometimes there is a ctTtaiu irregularity in such eases, the parent cell 
either "becoming really chambered by cell-division, and forming one cell 
in each of the four chambers, or at once giving birth to the four free 
cells. 


Other instances of this modification are found in the development of the 
spores of the asci of Lichens and Mosses, apparently also in the tetm- 
spores of I'lorideie. The development in this way of now cells which 
escape from the parent cell as naked utricles, is observed in the spores of 
Fucus, and in the zoo.sporcs of many (lonfer\oids, which are formed in 
fours in each cell {Ulva, Co/eochale. See.). 


The resolution of the whole contents of a 
cell into a great number of free cells occurs 
in the formation of the very iiumorous zoo¬ 
spores of Vltidophora (tig. Jfio, c, d) and 
Achh/a, with the fonnation of the new cell- 
membrane after tliair escape from the. cavity 
of the parent; and what is observed in these 
cases lends to the conclusion that a similar 
mode of development, going on to the com¬ 
pletion of the cells within the parent, occurs 
in the formation of the parent cells of the 
spermatozoid.s or antheridia of the higher 
Cryptogamia, where a great number of minute 
free cells are developed, ami are found free in 
the cavitv of a large parent cell. The forma¬ 
tion of the new frond.s of Ihidrodietyon is a 
romarkableVH.se of the resolution of the whole 
contents of a cell into a vast number of free 
cells, which acquire their cellulose coats and 
cohere into a new network within the parent 
cell. 

700. In the formation of the germinal 
vesicles in the embryo-sqc of the Phanero- 
gamia, and probably in the cell corresjKjnd- 
ing to the embryo-sac in the archegonia of 
the higher Cryptogamia, a jwrtimi oabj of 
the jfrotoplagmicsvhstance. of the parent cell 
takes part, becoming isolsited in the form of 
one or more (usually three in PHanero- 
gtunia) globules (fig. 636, A), one (or some¬ 
times two) of which acquires a cellulose 


Fig. rm. 



DflTelonmont of the embryonal 
veifime nf Santafunt afbum. 
A- The upper end of the em- 
bryo'MUN with the embryonal 
eorowicleu (e r) yet devoid of 
QeU-*membranet. B« The same 
Ifttef. with ths pollea*t»be /p f) 
Adhefen'l: the •mbryoDul vehi¬ 
cle (^e) ban acquired aceUu> 
lose coftt. Ifegn* 40U diam. 
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menibrano, and forms the first cell of the embryo, or its suspensor 
(fig. B). The new cell is here often very much smaller than 
the ])arcnt cell, arid this case thus offers the clearest and most striking 
instance of free-cell formation. 

In the embryo-sac of many of the Phanorogamia we observe, subse¬ 
quently to impregnation, a process of free-cell formation of a peculiar kind, 
the prott)pliU‘im of the embryo-sac broaking up by degrees into numerous 
corpmscles, which succes-sively form cellulose coats, and apply themselves 
to tlie wail of the embryo-sac, until the layers meet in the centre, and 
the wliole sac is filled up with a parenchymatous tissue, the cells of which 
( endospi-nn-celk) are at first very loosely coherent. I’erhaps the parent 
cells of the spennatozoids arc formed in this way, in the cells of the 
unlheridia of the higher Oryptogamia. 

'J'he formation of tlie active zoospore of Vaucheria is really a result of 
the isolation and individualization of a portion of the contents of the 
parent cell, since hero tho whole plant is one gigantic cell; but this 
ca.st* is quite different from tho developments included in the preceding 
paragraph. 

701. It is still a (jnestiou what influence, if any, tho cell-nucleus 
(;xt'rci.sc.s over cell-formation; all that is certain is, that it exists in the 
majority of young colls, and that in many cases it divides (Spiro- 

hairs of Tradesctnitia), or disappears, and gives place to two (or 
more) new ones, just before or during tho division of the primordial 
utricle to form the contents of two (or more) new colls. The real 
coiiiic.vion of the nucleus with the life of tho cell remains altogether 
obscure. 

'file original statements of Schleiden regarding the formation of new 
celhs upon or around a nucleus were iucorrect; the nucleus always lies 
uiulcr the primordial utricle, on which depend the structural conditions 
of cell-formation, and never in contact with the cell-membrane. But it 
is quite po.ssible, and even probable, that the nucleus may have great 
physiological importance in cell-development, and may coastitute the 
fucim, as it were, of the phj'siological forces of the cell. 

Development of vessels, epidermis, stomata, ^'c. 

702. The dififerent forms of vascular tis.sue, including the laticiferous 
vessels, originate from colls, fhe most usual course is for a number 
of more or less oblong cells to range themsqjves end to end in longi¬ 
tudinal series; after a time ,the partitions between the cells are 
broken down or reabsorbed, and a continuous tube results. 

The immediate inducing cause and the precise manner in which 
the partitions are absorbed are not known. 

Tlio epidermal cells are in the first instance usually smaller than 
the other parenchymatous cells, and more closely packed together. 
They are at fifst spherteal or nearly so, but shortly assume the 
usual flattened character./ The epidermis is at first destitute of 
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stomaia (§ G34) ; but these 'organs are gradually developed, in the 
following manner. In certain of tho cells the nucleus, previously 
in contact with tho cell-wall, becomes detached from it and sub¬ 
divides into two nucleoli; the parent cell-wall then forms a septum 
between them; and thus two cells are formed, at first in apposition, 
but which subsequently separate and leave an opening (the stoma) 
between them. At the time that this is going on, wide inter¬ 
cellular spaces are formed, into which tho stomata open. 

Development of the Stem tj'c. 

703. Tho general course of development in the stem has been already 
alluded to in the case of the acrogenous, endogenous, and e.vogen- 
ous types respectively. Growtli in length is effected through the 
agency of the growing points, w’liich, when surrounded by leaf-scales 
and rudimentary leaves, form buds. 

These buds, in the first instauci.'s, are little conical eminences consisting 
exclusively of cellular tissue, the constitucut cells of which speedily range 
themselves in three divisions, which may be ternmd the ceutral, cortical, 
and ep^rmal series. Of these, the-central series forms tho uiass oTlTie 
young its cells divide at first in all directions, but subsoqnontly in 
linear series; the epidermal cells divide by horizontal and parallel sub¬ 
divisions ; tho cells of the intermediate cortical series, in the first instance, 
grow more after the fashion of the central cells. When leaves or branches 
commence to be formed, tho outer cells of the central mass (iivide by lon¬ 
gitudinal partition.s, ut tho same time that f In; cenli-ul mass itself exchanges 
Its conical for a cylindrical form, ultimately constituting the medidla or 
pith. The form and position of the.se growing points depend materiallv 
on the form of the primordial cell, and oii*tue direction ^longitudinal, 
transverse, or oblique) of its partitions. 

704. The form and mode of branching of the stem depend mate- , 
rially on the position and arrangement of tho buds. 

inslod by certain appearances well calculated to produce a false 
impression, botanists at one time attributed the formation of woody 
matters in root and stem to a jjrogressivc downward action : thus 
the new cells were, supposed to be foringd from above, downwards. 
It is not necessary to slate the arguqjents on wliich lliis theory was 
based, as it ha.s been completely set aside by tho reseai’chcs of Trecul 
and others, which show .that the new tissues are formed at the spot 
where thoyare seen, and arc not formed from above downwards. Both 
bark and wood cooperate in the formation of new wood; and either 
of them may form woody or cortical tissues without the iutervoution 
of the other. 

There is rea.son to believe that tlie growth of tho stem of trees tako.s 
place principally in the summer months, and that comparatively little in¬ 
crease takes place either in spring or in autumn, though in the latter 
period the new growths ore consolidated. 
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Development and Growth of the Boot. 

705. The mode in which the root grows and is developed has been 
already trc<ated of (§§ 080-082); hut a few words may here be said 
as to the formation of adventitious roots. 

These formations usually, hut no< universally, occur in places where the 
almosphhre is warm, stagnant, and loaded with moisture. If a ring- 
shaped piece of hark he takeji from the stem, roots are formed from above 
the wound, but not from below—a circumstance supposed to bo due to 
the accumulation of organizable matter above the wound; but by others 
it is considered to be owing to the absence of o.xygen. Portions of willow- 
stems decorticated as above described and grown in water will produce 
roots below the incision if exposed to the light, and none above the 
water; and by covoring the glass with black paper, and thus preventing 
the access of light, M. Bbhin has succeeded in reversing the phenomenon. 

The portions of the stem in the water have been found by experiment 
to give out oxygen under the iiilluenee of light. » 

700. The downward direction of growth of the roots, as contrasted 
with the generally upward growth of the stem and its subdivisions, is 
one of the most remarkable phenomena of plant-life. In the case of 
the ro^ot, ono principal reason fpr..tilui.^o>vnwa,rd growth is die grca;ter ^ 
aiiumnl of moisture recbivc3 from that side. The root grows by 
development just within the apex; and the m\iltiplication of the oelk 
in that situation is dependent on a freo supply of moisture. The 
instances of roots of trees growing in the direction of water-' 
cfmrscs or drains illustrate this; and when plants arc grown in close 
glass cases their roots aro Ibmetimes seen to rise above ground when 
tlic confined atmosphere is very moist. ^Ve have more than once 
observed the roots of bulbous plants, growing in water or in damp 
sand, coil themselves in spirals. Other assigned reasons iiye depeu-o 
dent on the circumstance that the soft yielding extremity of thoj 
young root penetrates the interstices of the soil, and is pushed down^ 
by the dilatation and expansion of the older portions above. TheJ 
downward direction of the root-hairs, when pr(^sent, would alsolyj 
facilitate downward growth, and prevent the root from being pushedi 

'‘I’- . . . y . 

The action of gravitation has also been considered to have some 

influence over the downward growth, and also the varying degrees , 
of tension manifested by the tissues in the different regions of the H 
stem and of the root respectively, pith, rind, &c., such tension being’ 
directly dependent on the activity of the nutritive processes in the 
growing tissues. The combined action of the causes just mentioned 
is supposed to account for the varying direction and curvature of the 
organs of plants ;* but this explanation does not appear to be wholly 
satisfactory. 
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Development aiid Growth of Leaf-organs. 

707. The leaves (and all their metamorphosed forms, such as the 
j)arts of the flowers &c.) oriijinato just beneath the absolute apex of 
the stem, by cell-division of the terminal cells—which results in the 
deflection to one side of a small group of cells forming a conical papilla, 
or the formation of an annular collar (sheathing leaves), w:i»ich de- 
vclopes into an independeiit lateral organ. These leaves always arise . 
one after another, in order regulated by the laws of Phyllotaxy 
(§ 60). The papillae from which leaves originate-arc at first wholly 
cellular; after a time elongated cells are formed in the centre ; and 
these are followed by spiral vessels formed in a direction from the 
base upwards. 

As a rule, the first part of the leaf formed is its point, which is 
graduall}' pushed out by de\'clopraent at the point of junction of stem 
and leaf; but interstitial multiplication also occurs in different parts 
of the leaf (especially in stalked leaves). 

The pushing-out of the leaf by development at its base ihay be well 
observed in the leaves of llyoeinth-bulbs developed in early spring. Not 
only are tlie tissues (epidermis, &o.) younger below, but the relative 
growth of the parts may bo demonstfated by making a series of marks at 
equal distances up the loaf and watching the proportionate extent to which 
they become separated. The same process gives very instructive results 
when applied to the measurement of the growth of the roots'of the same 
plants, and is easily carried out with bulbs grown in glasses of water. 

708. The basilar or hasipetal mode of leaf-formation above described 
is that which is most frequent; but in soflie instances the apex of tire 
leaf, instead of early losing its power of growth, continues to grow 
and devclope new cells in that situation, the cells at the base of the 
leaf, in these cases, being the (fldest. This mode of -leaf-formation 
is called hasifugal. 

These modes of leaf-formation may be well seen in the case of lobed or 
compound leaves. Thus in the Hose or Passion-flower the terminal leaflet 
is first formed, and the lateral leaflets afterwards from above downwards, 
acchrding to the hasipetal plan. In Maho\iia and in many Leguminosm, 
such as the Garden Vea, the lower leaflets are formed first and the others 
subsequently, according Jto the hasifugal plan. The lobes or notches of 
simple leaves are in like manner formed in one or the other of the methods 
just alluded to.- The stipules are often'developed before the leaf-blatle; 
when otherwise, they are probably lateral developments from the petiole 
rather than separate organs. - 

■ Sometimes the two modes of leaf-formation above described coexist in 
the same leaf; that is to say, the lobes of a leaf maybe formed from above 
downwards, whUe the nerve passing into each of them gives off its branches 
from below upwards. > ^ 

709. The opposition, alternation, or spiral arrangement of organs 
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depends on the period at which they are developed; thus, if two or 
more loaf-organs be developed at the same time and in equal degree, 
a whorl is produced; if the development be successive, not sitmiUa- 
neous as in the preceding instance, the organs are then arranged 
alternately or spirally. 

The development of the several parts of the flower takes place 
after the same fashion as that just mentioned in the case of leaf- 
organs hi general. 

. The causes producing irregularity and deviations from the typical 
floral symmetry have been already alluded to'(§ 147 et seqq.y It 
should be remembered, however, that these irregularities are often 
congenital, i. e. exist from the very beginning; in other cases the 
symmetry is |)crfect at.first, but becomes subsequently changed. 

Usually the floral tubercles representing the origin of the several 
organs originate separately; but sometimes a cellular ring-like pro¬ 
jection is first emitted from the stem, and from this sheath-like 
structure are evolved the floral organs. 

Compound stamens (§ 199) or phalanges of stamens originate as 
simple tubercles, from the sides of which originate the secondary 
staminal tubercles from above do\vnwards, as in Mallows, the whole 
course of development here precisely resembling what takes place 
in the compound leaves of some rassion-fiowers or of the lloso. 

The oiTilc arises from the placenta as a cellular papilla, the nucleus 
(fig. 537, a). Around the base of this is formed a cellular ring. 

Fig. 637. 

a b e d 

Development of OMile: primary nucleus, invested at 6 by tlic immine, and this by the 
Becitndine <c); at d the ovule has become auatropous. 

which gradually lengthens from the base upward into a tubular 
sheath or coat of the ovule (6). The succeeding coats, which vaiy in 
number in dift'ere-nt plants, are formed in like manner, are wholly 
ccUular, and leave at the apex a small hole, the micropyle (§236). 
During the growth of the coats of th# ovule a change in direction 
usually occurs, so that the o4ule becomes inverted. (§ 238). The 
structure and mode of development of the pollen and of the ovules 
will be further alluded to under the head of the Physiology of the 
Keproductive Organs. 

From what has been said on th^ morphology, structure, and mode of 
development of the several organs, it will be seen that all the organs q£ 
flowenng-plants may be tedui^ to two types—^that of the axis, and that 

2 b 
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of the leaf; and, indeed, it is not possible in all cases to distinguish be¬ 
tween stem-organ and leaf-organ. The distinguLshing character least liable 
Ito exception consists in the (a'rcuuistanee that a bud inaj be and is con- 
jstantly formed at the apex of a stem, while it is never developed from the 
lapex of the leaf-organ. Another distinction consists in the ridative posi- 
jtion of the cambium layer (§ 085). Two opposite modes of growth, the 
'definite and the indefinite, occur in stem-organ and in leaf-organ; and to 
‘one or the other of them may be refen-ed all the variations in form and 
mode of development. 


CHAPTER III. 

GENERAL CONSIDERATIONS’ON THE PHYSIOl.OOY OF 
PLANTS. 

* 

710. What are termed physiological phenomena are manifesta¬ 
tions of a pectiliar force ©r forces, 'the presence of which in any body 
marks the existence of what is called life or vitality. 

The vital force appears to present certain modifications. In plants 
there exists only an^or^ancOu/ power; while in animals there is 
superadded to this what is called nervous force, connected with the 
presence of a self-determining will, and, in the higher classes of 
animals, with a far greater subordination and mutual dependence of 
the organs than occurs in plants. 

This statement is somewhat general, applying only to the two King¬ 
doms, Vegetable and Animal, as wholes; tor there exist animals of simple 
organization exhibiting no more definite traces of the existence of a 
nervous force than we find in certain plants, or .structures of plants. For 
example, it is scarcely possible to point d& any important physiological 
difference between the zoospores of the Confervoias and the I’lotozoa 
such as Amoeba and allied forms, 

711. The organizing or vital force of plants is especially distin¬ 
guished from that of animals by its relations to the chemical forcc.s 
regulating the changes of inorganic or mineral matter. Plants are 
noltrishcd directly on mineral food ; animals can only assimilate sub- 
8tanc<j8 which have entered into special combinations in the or¬ 
ganisms *of plants, and assMined the condition of what are called 
orgamie compounds. 

Some plants live entirely on organic substances, as we see in the eases 
^ para^tes; and the power prohahH exists hi plants generally to a certain 
sjtlmt. 'In the remarkable class of Fungi, almost all the kinds live upon 
or living organic matter. But the power of assimilating inorganic 
is confined to plants, and is their most remarkable charac¬ 
teristic ss contrasted with animals. * 

Anotl^ important distinction between plants and animals, as entire 
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liin^doms, lies in the different disposition of their organs. In plants 
these are all produced externally: roots for absorption^ leaves for respi¬ 
ration, &c,, together with the reproductive organs, are all external. In 
aninuils the organs of “vegetative” life, i. e. of absorption, digestion, 
respiration, ite., are (inclosed in the interior of the body, more and more 
completely in proportion to the complexity of the organization, the organs 
of motion and sense being thus brought out prominently externally. 
Animals feed by taking solid food into an internal cavity (stomach &c.) 
lined by ab-sorbing structures; plants feed by sending their roots into the 
nourishing-matter and absorbing it, in a liquid or gaseous state, by their 
surface. 

'fho proposed chemical distinctions between animals and plants must 
be taken with limitation. The cellulose structures or hard parts of plants 
have a peculiar ternary composition of carbon, oxygen,^d hydrogen; but 
the protoplasmic matters contain nitrogen, and resemble animal matter. 

tk'llulose occurs in the structure of some auinmls (Tuuicata) ; the green 
coloming-substance of Hydra riridin is undistiuguishable from chlorophyll; 
and substances resembling starch in chemical properties' are fouml here 
and tlitire in animal bodies. 

» 

712. A very considerable part of the changes which accompany 
th(t process of organization uro the. results of the action of physical 
and ehemical forces, capable of being explained up to a certain point 
by tlic known laws of those f()rce.s. But in every case, after referring 
all the chemical and physical phenomena to their respective places, 
there remains a re.si(liiiil phcmimonon to be accounted for, which is 
precisely the most important of all, namely:—that in living organic 
stnietnrcs (which are always rec()gnizable by a definite form, struc¬ 
ture, and composition) the laws of inorganic matter are, to all appear- 
iiiicc*, subdued under a higher influence, and caused to undergo modi- 
ficiitions never occurring except in the presence of living matter; 
and the peculiar compound of matter thus produced are not only 
made to ussumo forms, according to definite laws, totally jinlike any 
forms of mineral substance, but constitute bodies manifesting a con¬ 
tinued interchange of material with the surrounding media, which, 
instead of resulting in decomposition, as in mineral bodies, effects a 
reproduction and increase of the already existing matter. 

The most striking characters of plants, contrasted with minerals, con¬ 
sist in the forms, and in the faculty of development and renroduction. 
.•Vs regards form, cry,stals exhibit regularity, obedient to certain definite 
laws, and so far might be compared with vegetable cells; some au¬ 
thors have even termed the cell a crystal formed of substance capable of 
imbihiliosi. But there is an essential difference even in the structure of 
crystals and cells: the crystal consists of a combination of lamiaas che¬ 
mically homogeneous; the cell is a heterogeneous bodv, consisting is the 
simplest cases of a sac or excavated corpuscle containing in its cavity a 
substance differing chemically from the cell. ]^en in the’ imperfect are® 
primordial utricles set free as zoospores in the Confervoids, this distinction 
of wall and contents exists: and it is still more marked in ji4l complete 
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vegetable cells, since these possess a distinct and persistent cellulose 

membrane. • . 

The mode of formation of the cell, too, is essentially diflereiit ti-om 
that of a crystal. The latter is formed by the simple deposition in a solid 
form of a compound di.ssolved in the “ mother-liquor.” The protoplasmic 
substance of plants {§ 5i)7) cim only be formed by protoplasm alreaily 
existing, telectimj and ummilaiing substances present in the surrounding 
medium, converting them into now compounds; while the cell-menibiiine 
itself, which is the part usually compared to the crystal, is likewise pro¬ 
duced as a new clwmical compound by the protoplasm, which secretes it iu 
layers, unlike the protoplasm both in form, composition, and physical 
condition. When the true iiatm'e of the molecular constitution of the 
cell-wall and of the protoplasm is ascertained, it is probable that the 
statement in this jjjiraginph will require considerable modilicatiou. 

713. Organic structures are produced through the agency of like 
structures previously existing. Tissues increase by multiplication 
of the cells of which they are composed ; cells are multijdied by the 
resolution of existing (parent) cells into a more or less numerous 
progeny of cells. Individual plants are multiplied by the separation 
of a portion of the substance of the parent plant endowed with a 
power of subsisting and developing itself independently. 

The origin of organic beings from germs, i. e. more or less complex 
fragments detached from a parent plant or animal, endowed with a \’itnl 
energy enabling them to reconstruct the entire organism, may be regarded 
as an undoubted fact, and it forms one of the most impoitant of the diihir- 
ences between inorg<anic and organic bodies. As long as sulphur, oxygen, 
and hydrogen exist upon the earth, it will be possible for mau to produce 
sulphuric acid; and if, in addition to these, he have sodium, ne may 
cause the production of crystals of sulphate of soda at will. Hut although 
chemical analysis tells us that ihe mycelium of a fungus, such as “ Yeast '' 
or the “ Vinegar-plant,” consists of oxygen, hydrogen, carbon, and nitro¬ 
gen, witli small proportions of some other elements, by no moans known 
or likely tq be discovered can wo cause the reproduction of these foniis 
of vegetation, except by having recourse to the qenm of the plants, mid 
setting them to work to reproduce themselves. Tills has been proved by 
numerous careful experiments, and the idea of a epontancom generation of 
organic bodies is now exploded. Thp origin of each species of plant or 
animal must be regarded as the result of a distinct act of creation. When, 
through unfavourable circumstances, all the individuals and all the gn-ms 
of a species are destroyed, that species disappears from the globe*. 

714. Tue organization of plants is regulated by a series of laws 
which exhibit cEfferent degrees of generality. 

• Since the publication of the first edition of this work renewed interest has 
been given to this question owing to the controversy between M. Pasteur and M. 
Pouchet and their respective adherents. The facts and arguments adduced by 
M. Pouchet go :[ar in support of the doctrine of “ heterogeny,” and at any rate 
show that the above stat^ent is too sweeping in its character. The student will 
do well to consider it to a large extent an open question, and to remember 
that, wbit^ver view may ultimately be adopted, the miracle remains the same. 
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715. The most general law of all is that under which proto¬ 
plasmic substance <assimilates inorganic or, more rarely, organic 
matter, and prodiTces the dosed cellular sacs called vegetable cells 
(§ 5G2). This iiifects all vegetable structure whatsoever. 

Tlu! Fungi and parasites live on organic matter; and this is probably 
the case to a great extent with cultivated plants grown with excess of 
organic raanyres. This will be ref'rred to hereafter. 

710. One degree less general are the laws regulating the/arms of 
the cellular sacs or cells (§ 508). 

These determine at the same time the specific form of the plant in the 
Unicellular Algae. 

717. Next follow' the laws of development of <the secondary de¬ 
posits upon the walls of the colls (§ 570), which are valid throughout 
the whole Vegetable Kingdom, but more and more complex in the 
successively higher classes. 

718. The laws of combination of the cells into tissnes (§ 614) are 
a little less general, the diversity increasing here again in proportion 
to the higher position of the species. 

710. The laws regulating the forms of organs are of very great 
importance and interest; and in these we have to distinguish two 
n.sjjcets, or, it may be said, tw'O coexistent series. 

720. The princi]^al Classes of Plants (see p. 10) are characterized 
hy respectively possessing a peculiar type or plan of combination 
of the organa, having not only a morphological but a physiological 
speciality. The type, more or loss recognizable, is a mark of the 
existence of a common law of organization throughout each class. 

721. 'Within the limits of the Cla.«scs exist almost infinite varieties 
of form, referable to morphological laws which have been investigated 
in the First Part of this work. A complicated but graduated and 
interconnected body of laws was there .shown to regulate the vari¬ 
ations of forms in plants generally. 

722. Lastly, in the description of the Natural Orders of plants, 
it win have been recognized that there are still more special laws of 
development, caTising the existence of rcscmhlanoe in limited groups 
of species ; and, beyond this, every species or kind of plant (§ 311) 
has its fornr and mode of life more or less definitely fix^sd and re¬ 
gulated by its special law of organization. 

Tlies(! reflections enable us to explain simply the terms higher and 
lower classes or species of plants. In the Protococettf, consisting of a 
simple cell, the specific law, that whVh determines the characteristic 
form, follows immediately on tlie first {§ 716) of those above indicated. 
In a Conferva, the second and third (§§ 71G, 717) are both involved; and 
tl»e specific law^t once succeeds these. Proceeding step bv step, we shall 
find species in which there is a diversity of forms of the cell and of 
tissues (higher Algae) ; next) of these and an additional diversity of organs 
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(leafy CrvptogmiiiiO : aiiJ then come into piny the laws of the physio- 
loffical ami morpholotricnl types of corabination of orginis, which are most 
complicated in the riowcrinfj; Plants, in th(^ development of which, liow- 
ever, from the ori<riunl .gtn'iu, or embryonal vesicle, wo may trace, in a 
graduated series, the commencement of the opemtion of the successively 
less general laws of organization. 

723. Not only do different jdants display great diversities in 
strneture and composition, but each individual plant offers more or 
less diverse characters at different periods of life. 

Plants'eomnicncp their independent individual life in the form of 
a cell or a group of cells separated from a parent organism. In the 
lower plants such cells, once fully developed, as ajwres or (jmidkt, 
are capable, under suitable circumstances, of growing up into complete 
plants. In the higher Classes these cells (emhn/oniil vesicles, or the 
pcimary cells of n lenf-hvd) go through the earlier stages of develoiv 
ment connected with the jiarent organism, and are detached (as seeds 
or as hidhils, <tc.) already provid(‘d with rudimentary organs of 
vegetation. 

724. In those cases where the detached bodies are products of 
simple vegetative cell-division, they often jiroeeed at once to grow 
up into new plants (yonidin, zoospores), but more frc(iuently their 
vitality remains latent for a certain definite period {fndblls, spores of 
Mosses, Perns, ttc.); and ■when the body is a result of sc.vual repro¬ 
duction, it almost always remains for a more or le.ss indefinite period 
(capable- of being shortened or prolonged within certain limits bj’ 
external causes) in a state of re.sl (seeds, restiny-spores of Alcj/r, &c.), 
and then undergoes peculiar internal chnnge.s before rccomnieneing 
development (genninedlon) in order to grow up into a new plant. 

Seeds and resting-.sport!3 (and to a less ext(>nt (he ro.sting-orgniis pro¬ 
duced in vegetative propagation, as hulbs, tubers, &c.) are organized in a 
manner especially adapted to pre.serve tlie latent x italitx from injury hv 
external influences. They can withstand great variations of heat or cold, 
especially in the ab-sence of nioi.sture. Most seeds will bear a temperature 
very far below freezing-point if kept dry, and many will even bear an ex¬ 
posure to 100° or 110'^ I'ahr. in dry sand. Prolonged immersion in water 
at 12(P kills mo.st seeds, unle.s.s the skin is very thick and thev contain 
oil instead of starch in the endosperm (§ 200). Some seeds will bear a 
short immersion in boiling water ( Vermica) : but the seeds of Cereals, 
Beans, Linseed, and other plants .scarcely survive a 15 minutes’ soaking 
in water of 110°,-while they will bear 140° in steam, and 170° in dry air. 

Some seeds naturally lose their vitality very soon ; this is tho case witli 
the seeds of Cojfva, MaynuUa, &c.; while other instances are related in 
■which it has been preserved for centuries. The cases related of the 
germiimtion of Wheat taken from Egyptian Mummies are perhaps doubt¬ 
ful: but well-authenticated instances‘exist of long preservation. 

The resting-epores of Confervoids (iVofococcas) nave l^een revived after 
remuning for years in herbaria; and it is in curious relation to their 
growth in shallow pools, often dry hi summer, that the lesting-spores of 



BfJNl'iRAL PirrSIOLOOICAL CONSIDERATIONS. 


547 


these plants appear tO' require to be dried before they will germinate. 
Mr. Munby baa recently recorded (1809) that ho found a bulb of a species 
of Narcismn sprouting in his herbarium after it had been gathered (in 
Algeria) upwards of twenty-two years. This bulb, removed into the 
greeiiliouso and jiotted, has since produced flowers. 

7ff5. Plants are subject to a periodicity in their vital phenomena, 
partly dependent on their own laws of growth, partly on the seasons 
in th(! climate where they grow. As dependent on special laws may 
be noted the differences between annual, biennial, and perennial 
plants (projjerly so called), between deciduous-leaved and evergreen 
trees, Ac. 

An nwd p lants are such as germinate from seed, produce their 
whole vegetable structure, flowers, fruit, and seed, and die away in 
one season, between spring and autumn; such are the summer 
annuahs of our gardens. Biennials sprout from seed in one season, 
and bloom, bear fruit and seed, and die in the second ; the Turnip, 
Carrot, (Enoilwra biennis, &c. are examples of this. Perennial 
plants o.xhibit several varieties of condition. Ilerhaeenws perennials 
(like the Daisy, Primrose, Cardoii Flag, &c.) gerTiiTnate "m one 
season, and produce a subtorrancou.< rhizome, of indefinite duration, 
which annually sends up a flowering shoot or shoots. Other peren¬ 
nial plants of this kind form on ‘ shoot which vegetates uninter¬ 
ruptedly for many years before it flowers (Af/ave americana, Talipot 
Palm, &c.); and after ripening its seeds the stem dies down, leaving 
usually a number of offsets from the axils of its leaves {momcarpir 
perennials). 

Woo dii perenn ials, trees and shrubs, usually vegetate for several 
years before flowTiring, but are subject to periodic rest, throwing off 
their foliage and renewing it upon fresh shoots of the same stem every 
season ; and when they flower, the operation exhausts their accu¬ 
mulated powers of development so little that they continae to flower 
periodically (every season if in favourable condition) throughout life. 

The “habit” assumed by plants depends in some degree on external 
conditions. Thus many of our garden annuals are perennial in their 
native climates; for example, Ri^wus (the Castor-oil plant), Mirabilis, 
and other genera are annual herbs with us, but perennial and even woody 
in warmer climates. And some annuals may be made to vegetate for more 
than one season by removing the flower-buds as they appear; in this 
way gardeners produce the so-called Tree-mignonnette. The Winter- 
corn of agriculturists is really an annual plant, sown in autumn to obtain 
stronger growth, and is not specifically different from Spring-corn, so^ 
in spring and reaped in autumn. The common Cherrj'-tree retains its 
leaves during the whole year and becomes an erergreen in Ce)don; Md 
many similar instances of changed habit, the result of altered condition, 
migM bo cited.. 

For further particulars respecting the duration of plants^ refer to the 
Morphology of Stems, §§ 40-o6. 
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726. Few porenninl plants retain their appendicular organs be¬ 
yond certain definite periods. Ordinary d«iduous trees Jose their 
leaves in autumn in our climate; and proriously to their fall their 
organs undergo internal changes, in which the assimilated matters 
are, for the most part, removed and their green colour altered. They 
are generally cast off by a regular fracture where they join the stem 
(§§ 77, 688); in the Oak, Jlcech, and other trees thej- die in autumn, 
but do not fall away at once, often remaining, when not exposed to 
violent winds, until pushed off by the expansion of the stem in the 
next spring. Evergreen trees and shrubs retain their leaves green 
and living until the succeeding season, when the new leaf-buds ex¬ 
pand, as in the Cherry-laurel, Aua'btt, itc.; or, ns in many Coni- 
fenc, they remain attached to the stem for several years (Araucaria 
imhricata, Thuja, &c.). In some of these cases the so-called leaves 
are probably foliaccous branches. The leaves of arborescent IMono- 
cotyledons (Palms) are also of long duration. The parts of flowers 
and ripe fruits are likewise east off in most cases, although the fruits 
from which seeds have escaped sometimes remain long attached in a 
dead condition (Conifers). 

727. The axis (udth its branches) is the only permanent part of 
the plant; and the unlimited duration of this is strictly dependent on 
the development of leaf-buds (§ ]0(i et seqqX 'When a shoot ends in 
a blossom-bud, the growth of that branch of the axis is arrested, and 
the prolongation of life clepontls cither on the a.xillary loaf-buds 
situated below or an atHveutitioushnA. 

728. The production of flowers and fniit is an exhausting process; 
it has just been noticed (§ 72.5) that annuals may be made to live 
several years by preventing them from flowering. The arrest of 
growth of the large and highly developed axes of monocari)ic peren¬ 
nials (Agave, Talipot Palm, drc.) is a necessary consequence of the 
terminal bftd producing blossom instead of leaves ; but the formation 
of propagative offsets from the leaf-axils before death is strictly 
dependent on the degree of ^ngour possessed by the main axis at the 
time of flowering. 

729. The duration of herbaceous perennials may be regarded ns 
unlimited, since they are always placed in a position to form new 
absorbing organs (roots) in the vicinity of their buds. The duration 
of trees is also theoretically unlimited ; jind in many cases great age is 
attained; but ordinarily trees acquire increased vigour with age up to 
a certain point, and then begin to decline, a circumstance attributable 
to the increasing distance to which the buds are removed from the 
roots, the obstruction to the flow of sap, the local decay of the roots 
and trunk from external injuries, &c. Cuttings from old trees, if 
taken from jound shoots, may be made the foundatiefn of now trees 
as vigorous as the parents were in their earlier years. 
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Palm-trooR grow to an age of 200 years or more; the Dractencs (Dragon- 
trees) of Teneriffe have been known as old trees for centuries. Oaks, 
Limes, Cedars, Yews, &c. are known to have lived many centuries ; and 
other are on record of gigantic trees whose age, deduced from the 
nuinb(>r of rings of growth of the stems, would amount to upwards of 
3000 yeni-s. 'J'he IhrthoUetm of Brazil, the Adanmnice of Senegal, and 
the WrUmytmia or Sequoia qiijantea of California (303 feet high and 31 
leet in diameler at the base) are evanqiles of this. 

730. In licrliaceous iierennials the older parts of the plant die and 
decay in a limited jicriod after the development of the new axes. In 
Dicotyledonous trees also, the older part, which is enclosed hy the 
new layers, and becomes consolidated into heart-wood (§ 670), must 
be regarded as dead after a c^Ttain period, ceasing even to carry sap 
meeliaiiically ; and we sec hollow trees of this Class living and grow¬ 
ing. whore t he whole of the older part has been lost bj' decay, a living 
shell of wood constituting the bond of connexion between the roots 
and the growing branches of the axis. 

Tins death of the older tissue is not so common in arborescent 
iloiKJcotyledons; but it is observed in I’ciudonus (fig. 9), where the 
base of the stem and the old roots decay, new (adventitious) roots 
sprouting out from the living pan of the trunk, in a continual ad¬ 
vance upwards. 

'fbe death of a plant or part of a plant depends upon the death of the 
cells composing its tissues. The duration of the life of individual cells is 
\ frv different, nceording to their position and function. Cells situated at 
growing-points (in Imds, eamliium-regions, tips of roots, &c.) are very 
transitory, since iliiring active vegetation lliev are continually divided, as 
jiarent cells, into two or more new cells, part of whioli are left behind as 
prniimirjit nlh ,—those situated at the periphery, or most advanced point, 
1)'eoinbig in turn the^mm/t (■('//s of a new generation. The permanent 
cells become parts of parenebymatous, prusencbviu.stnus, or vascular tis¬ 
sues in the vegetative organs, or parts of reproductive structures in flowers 
and fruits. I'bus they run through a course of life depemfent in each 
eas(> on tlio laws of developinouf of the plant, according to wbicli its 
organs have a'sliorter or longer duration. The di aih of the organ or tissue 
ill wliieh they exist results from the cessation of the vital activity of the 
cells according to these laws; and their dcciii/, from the now unopposed 
operation of simple eliemical forces. 

731. The princijml vital phenomena exhibited by plants are con¬ 
nected either with the maintenance and Increase of the individual 
organism, or with the proclueiion of siiecial structures endowed with 
the power of growing up into new iudividinds when thrown off by 
the parent. 

We say the principal vital nhenoraena, bccauso there are some which 
wo cannot strictly anirni to belong to either of the above cln.sscs, although 
there can be biit^little doubt that they are in some way related; of these 
are tlio movements of plants like tlie Sensitive-plants, tlio folding up of 
leaves or flowers, &c. 
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732. Tlie processes of vegetation, or growth of the individual, are, 
from the peculiar organization of vegetables, connected with the 
processes of reproduction, properly so called, by the phenomenon of 
nulltiplication or propagation through natural or artificial separation 
of portions of the structure which might remain and form branches 
of the parent stock. This vegetative propagation, distinct in important 
anatomical and physiological characters from sexual reproduction, is 
found in all classes of plants, and from its imjjortance in relation to 
cultivation deserves separate consideration. 

The construction of plants from a number of like parts more or less 
physiologically indepena(‘nt allows of tlu'ir being increased by mechanical 
subdivision of the parent “ stoi'k,” which is ellected by innking cuttings &<;. 
The same occurs in the propagation of plants by bulbs, toilers, &c. (§ 4(> 
et seqq.). Through the abstract cousidcratiun of these cases have arisen 
some curious discussions as to the proper jipplication of the term “indivi¬ 
dual ” in plants. It is not worth while to enter into these nice metaphy¬ 
sical points; for practical purj)o,scs it is most convenient to regard as an 
individual every vegetable bony possessing all the organs necessary for 
life, the parts of wbicli, however numerous and frecjuently repeated they 
be, are organically coherent and haie a ilcfinite collective form: thus we 
should regard the Oak-tn'c as an individual, and in like manner the colony 
of simple cells associated in the thallus of Pediastrum (lig. 402, H, a). 

733. The Vegetative jirocesses of pltints are divisible under several 
heads, which, however, present many points of interconnexion. 

Nutrition, projX'rly so culled, can only be said to go on in the pro¬ 
toplasmic matters found in the interior of cells, sinci? it is these sub¬ 
stances alone that exhibit plieiiomona of coiisuiuidion and reparation. 
The tissue.s of plants are, under ordinary eircum.stancc.s, never re¬ 
newed; the only chaii|^ which they undergo arc stages of pro¬ 
gressive development 6f growth, succeeded sooner or later by 
decomimsition. 

Development or organization constitutes the most striking mani¬ 
festation of the vcgetiitive action ; but thi.s is a final rc.sult, prepared 
from, and iuces-santly accompanied by, phenomena wV^ch are re¬ 
sults chiefly of the regulated action of physical and chemical forces. 

The subsidiary operations of vegetation are —ahsorjilion of food, dif¬ 
fusion or transmission of fluid through the organic stnicture, assimi¬ 
lation of absorbed material, and, intimately connected with this, the 
so-called respiration and transjurutiov. Seh'etion is more nearly 
related to development than to the processes just enumerated. The 
relations of many of the secretions of plants are very obscure. 
Starch, chlorophyll, fixed oils, sugar, «kc. are of course (§§ fi02-C08) 
intimately connected with the vegetative growth ; but wo have no 
clue to the importance, as regards the plant, of the essential oils, 
renns, alkaloids, &c. ' 

784. The Vegetative Propagation of plants presents special modi- 
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fications connected with the peculiar conditions of organization in 
the different Classes; and there are some important considerations 
connected with the contrasts existing between the results of this and 
of sexual rej)roduetion. 

735. The Hexual Reproduction of plants offers a series of pheno¬ 
mena of much interest when viewed comparatively through the dif¬ 
ferent great Classes; and the phenomena of Ili/bridisation and the 
influenee of sexual reproduction in the maintenance of specific cha¬ 
racters require especial notice from the vegetable physiologist. 

As the Vegetative propagation is a process of vegetative life trenching 
on the region of reproduction, .so many of the phenomena accompanying 
sexual reproduction are properly special vegetative actions induced by 
peculiar stimuli; among these are the phenomena of ripening of fruits and 
spomngos, the evolution of heat from flowers, the irritable movements of 
floral organs, &c. These and some othitr unclassed phenomena will be 
most conveniently examined apart. In the succeeding Chapters on Phy- 
.siology we shall examine .separately :—1, the processes ot V'egetation ; 
2, the phenomena of vegetative Propagation: .3, the physiology of sexual 
lleproduction ; and, 4, various imclassed phenomena met with in a more 
or less limited range of cases of vegetable life. 


CHAPTER IV. 

PHYSIOLOGY OF VEGETATION. 

Sect. 1. Ckcl-Lifi!. 

Movements of the Protoplasm ^c, 

736. Intimately connected with the early history of the protoplasm 
of the cell (§ 596) are certain jAysiological phenomena of the con¬ 
tents of individual cells, which will be most conveniently described 
hero. 

During the time when the protoplasmic contents of young cells 
are becoming gradually hollowed out into spaces filled with watery 
cell-sap (§ 599), a regular movement of this protoplasm takes place, 
which may ho observed very readily,in young hairs of Phanerogamic 
plants (fig. 497), and which probably takes place in an early stage in all 
other structures. This movement, which is erroneously called rotation 
of the rcUsap, is a circulatory movement of the protoplasm made per¬ 
ceptible by th8 minute opaque granules which exist in the colouxlese 
fluid. The nuclens is (^o carried slowly along in this movement' 
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whichjWhen the protoplasm has become converted into a mere network 
of cords, has tlie appearance of a system of 
reticular currents (H".538). This movement 
of theprotojdasm ceases in most cells before 
tliev are full-grown ; but in many aquatic 
plants, even of the class Phanerogamia, the 
protoplasm docs not become excavated in 
the same way as it does in the cells of htiu-s 
&c., but applies itself as a thiekish layer 
upon the inside of the cell-walls, and, 
retaining its activity, performs a rotatory 
movement around the wall of the cell per¬ 
manently. In Chard, the moving layer of 
protoplasm is not applied upon the cell-wall: 
the primordial utricle, with the chlorophyll- 
corpuscles imbedded in it, lies on the cell- 
wall motionless; and a thick mucilaginous 
layer, situated between this and the central 
cavity filled with watery cell-sap, continually 
cirotilates. 

The circulation in reticulated currents is most easily observed in ymmg 
hairs of the higher plants. The movement of the parietal layer of proto¬ 
plasm isjiiadc very visible in the leaves of Vallimtriii by the gi'een chlo¬ 
rophyll-corpuscles imbedded in it; and it may he well seen in Amtchirh, 
in the delicate tissues of Jht/tlrochririn, Straiiotm, Ike.. It occurs in tlie 
rfiotlets and other parts, as well as in the leaves. The phenomenon is 
most strikingly sho'nm in tlie Chameem, cspeeially in tho Xitettff, which 
me simpler and hence more tran.sparent forms. 

This movement is only affected by substances that injure the liealtliy 
condition of the stnicture, such a.s chemical agmits producing bui-sling or 
solution of the tissue, heat sufficient to eaii.ae coagulation or solution of 
contents, In Chara, the large celLs may Is* tied across, and yet the 
circulation be .set up again in each of the clianibers thus formed. Elec¬ 
trical currents do not affect it. 

The movbments in the protojdasm are attributed to various cansc.s, such 
as contraction of certain portions of it, varying degri*cs of imbibition in 
different portion.s of tlie mass, the alternations in this wise giving ri.se tu 
the cuiTents. In many ca.ses it has been definitely proved that the move¬ 
ment of the juices in which chlorophyll-grani^^aro contained is directly 
dependent on tlie agengy of light, e.spi'cially of tlte niore higlily refrangible 
rays of the spectrum. Under the influence of diflnsed light the chloro¬ 
phyll-granules range theraselve.s pai*allel to the surface; but under that of 
direct light they are di.spo3ed on the lateml walls of the cells. 

737. Analogous to the rotation of (he protoplasm is the movement 
of the cUiated zoospores of the Algaj, and the ciliated spiermatozoids 
or antherozoids of the higher Cryptogamia and tho Al^tc. 

( Zoospores are formed by the contents of vegetative colls becoming 


Fig. 5;!8. 
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isolated from the cell-wall, and individualized into one ((Edogonxum. 
fig. 535), a f(^w {Ulm, UlotJirix, &e.), or numerous {Cladophora 
fig. 4(!5, c, and fhccosporea;) corpuscles, which break out from thq 
parent sac, and when free are seen to be provided with vibratUe^ilia. 
(2, 4, or many), and to swim about actively for a period of from half! 
an hour to several hours, then to settle down, become encysted by af 
cellulose membrane, reassume the characters of ordinary vegetable! 
cells, and grpw up into new plants by cell-division. 

It has been observed that those zoospores with cilia at one end 
direct that extremity (which is destitute of chlorophyll) towards the 
light; and, moreover, the locomotion of these bodies is accompanied 
by a movement of rotation on their own axis. 

Spennatozoids are filiform bodies of varionsforms,mostlyprcsenting 
one or more spiral curves, or minute globules, and usually fun^hed 
with vibratile cilia. They are fonned by a metamorphosis or the 
protoplasmic matter of cells developed for the purpose in the anthe- 
ridia of the Cr} j)toganiia. They are extremely minute, but move 
very actively when they escape from their parent cells, continuing to 
swim about for some time, being destined to find their way to the 
arcbegonium (or to the spores in Algic), to perform the fertilization 
of th(> germ-cell. Many, however, never reach this, and they 
gradually dissolve away. 

Ill the Volvocincie (fig. 4(12, n), the separate primordial utricles lie im- 
hi il'led in a common envelope, without a membramms ccdl-coat,retaining 
thoir vibratile cilia throughout life, only heeoming encysted and formed 
into proper vegefahle cells when converted into rcsting-sporos. In the 
intimate afUnily between these productions and the Protozoa, or lower 
Infusorial Animalcules, we perceive the close bond which exists between 
iiiiiuifil and vegetable organization when reduced to its lowc.st terms. 

738. As long as a cell retains its active protoplasm, it is capable! 
of producing new cells and organized forms of assimilated matter,! 
like starch and chlorophyll, in its contents. This is the case, of| 
course, in all nascent tissues; hut it ceases to bo so at various 
jieriods in ditforent jiarts of the vegetable organization. In all woody 
tissues, in .all pitted and spiral-fibrous cells, it disappears early, 
the secondary deposits of the ligneous character being formed ap-V 
parcntly from the wat^ cell-sap. In herbaceous organs, such as 
leaves, in the cells of‘«ie Cellular plants gouerally, in foct in all 
the properly living structures, the protoplasm remains. 

'riiis explains why the power to fonn adventitious buds exists not only 
in the cnmhiuiti-layer of the higher pljints, but, under certain conditions,\ 
even in the leaves (ns in Bryophtjllum, Gloxinia, &c.), and why 
tiim or propagation by little cellular bulbils, or isolated cells detached! 
from the veget^jtivo organs, is so common among the Cellular plants, and 
in the Mosses and Liverworts, where parenchymatous tissues so greatly 
predominate. 
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Nutrition in Cellular Plants. 

• 

739. The elementary structures being essentially alike throughout 
the^Vegctable Kingdom, and the physiological phenomena of vege¬ 
tation depending almost entirely upon processes taking place in the 
individual cells, it is very instructive to examine the plicnomcna of 
nutrition and growth in those simplj' organized plants in which we 
are able to observe directly the changes in the living efiUs. 

Many cellular aqifatic plants are especially adapted for these researches, 
from their simple structure, transparency, and their aquatic liabit, which 
permit us to keep them in a growing condition in glass cells beneath the 
microscope. 

7^. What is called the “Yeast-plant ” consists of a particular form 
of t* vegetable structure {imivdium) of a Fungus (fig. 4G8, A). It is 
composed of simple cells, which will go on multiplying by budding 
for an indefinite time if pla(;cd in a liquid containing a mixture of 
saccharine ordextrinous sub.stancc8,togctherwith albuminous matters, 
at a moderately warm temperature (59^-67° f.). These cells arc 
simple membranous vesicles, with their walls formed of a modifica¬ 
tion of the compound (cellulose) of which sill vegetable cell-mcmbranes 
aro formed. Within the colls exist nitrogenous matter in the con¬ 
dition 6t protoplasm (§ 597). The increase of the plant is dependent 
on the a.s8imilation of substance requisite for the production of new 
ceU-mcmbrancs, and of other substances to furnish new nitrogenous 
contents. When no material for forming cellulose exists, the plant 
cannot grow ; but in solution of pure sugar, in the absence of any 
nitrogenous substance, the plant will multiply its celb for a certain 
time, the protoplasm of the old cells being transferred into the 
new ones as they arc successively evolved. But under these latter 
circumstances the cells become gradually smaller, and at length 
cease to multiply, a portion of the nitrogenous matter being wasted 
in the reproduction until it becomes insufficient to carry on the 
growth. * 

On the other hand, if sufficient nitrogenous matter exists, the 
fermentation goes on, accompanied by the production of a more 
developed form of the mycelium, consisting of elongated interwoven 
filaments (the' so-called Vinegar-plant); and development of this 
continues, if not interfered with, until the liquid consists of little 
else but pure water. The final form is the so-called “ mother ” of 
vinegar, which destroys the acetic acid. 

741. The succession of phenomena here exhibited is connected 
with a series of chemical changes which are probably somewhat as 
follows. The whole of the processes are sccompani^ by evolution 
of oarbonic acid (carbonic dioxide). The earlier growth can go on 
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without access of oxygen, as is evident from the fermentation pro¬ 
ceeding in large vats with a stratum of carbonic acid several feet 
thick over the surface of the liquid; the growth in the latter stages 
takes place most freely with access of air. Tha original liquid con¬ 
tains grape-gugar (glucose), or dextrine, and nitrogenous matters. 
The action of the protoplasmic matter of the yeast decomposes a por¬ 
tion of this, forming cell-memhranos. The chemical acticte here set 
up disturbs the combination in the rest of the sugar, which loses 
carbonic acid and becomes alcohol. If the growth of the Fungus’ 
continues, the alcohol becomes decomposed (seemingly by contact- 
ru'tion again), absorbs oxygen from the atmosphere, and becomes 
acetic acid. 

It is not clear in most cases to what extent the Fungus is nourished 
on the alcohol, or on the saccharine or dextriunus matters mixed with 
tlie alcohol. To form ccll-mombrano from alcohol would requi^ the 
absorption of a large quantity of oxygen, and the formation of mu#h 
acetic acid and water. The growth of the Vinegar-plant in solution 
of sugar, then, would ajipcar to cause simple liberation of water, 
while the contact-action in like muuiier decomposes the sugar into 
acetic acid. The “mother of vinegar” finally is developed at the 
expense of acetic acid, with separation of water. * 

The processes hero briefly described cannot be. disregarded when 
wo inquire into the mode in which plants generally take up their 
food. Not only do the Fungi all feed in this way—as, for instance, 
the I)iy-rot (Memlius), which lives on the dead substance of timber, 
or the parasites like Fucciniie, the Potato-fungus, &c., which send 
their mycelium into the tissues of Imng plants to feed upon their 
juices—but the same laws evidently regulate the nutrition of the 
colourless parasites, such as Orobanchacca? (page 332), and the Rhi- 
zunthous plants (page 360). 

742. Following out this train of reasoning, we are irfeistibly led 
to the conclusion that the same processes may occur in all plants 
imder particular cirmmstances, although not absolutely necessary 
except at certain stafls of growth. 

In germination, doubtless the decomposition of the store of starch 
&c., with evolution of carbonic aeid, during the recomnioncemeiit of 
cell-development, is a phenomenon essentially similar to the develop¬ 
ment of the Yeast-plant, we cannot find any reason to suppose 

that the roots of plants, uhich absorb all substances indifferently j 
can refuse to take up organic mattep existing in a state of solutioiJ 
in tho soil. The extent to which growth may bo stimulated, with-' 
out access of light, by profuse supplies of organic food, is strikingly 
illustrated by the many succulent vegetables cultivated for the 
table, such a8 Sea-kale, Cojipry, forced early Rhubarb, &c. And 
the tissues of the plants thus grown have exactly that weak, sue- 
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culont character which is so striking in moat leafless parasitic plants 
and Fungi. • 

Further applications of these facts will he dwelt on in the succeeding 
Sections. 

743. In the above remarks wc have considered only cases where 
Cellular plants appear to derive the material, both for their cellulose 
structures and their protojdasm, from organic substances, absorbed 
ns such. By far the most striking phenomena of vegetative lit# are 
those in which inorganic matters are assimilated, and the gaseous 
and liquid constituents of the atmosphei'c and soil supply the requi¬ 
site food. 

If nil plants required organic food, the organized substance upon the 
globe must continually decrc'asc, since, ns we have just seen, those which 
do live upon organic matier ini-ite this thiough decomposition by contact- 
action. But the organic matter of soils upon which plants grow and 
decRV in successive crops, undergoes contiminl increase, ns wo observe in 
the accumulation of vegetahh-inonld on nndisturhod grass plains and in 
forests where the debris (fallen leaves, underwood, &c.; is not removed. 

744. The majority of j)lant.s feed ujiou water, carbonic acid, and 
ammonia (and perhaps other nitrogenous compo\mds), with small 
quantities of various other ehanents, such us aulj)hur, phosphorus, 
and the sult-s of lime, potash, etc. Such plants can only flourish 
under the influence of light; and under this influence they produce, 
from the above materials, new cellulose iVc. and protoplasmic 
matter. The a.ssihiilation is in such cases, as a genorsil rule, accom¬ 
panied by the assumptiorfof a green colour, from the formation of 
chlorophj’U. 

Exceptions to the last assertion appear to exist in th(! red, olive, and 
other peculiarly coloured Alg.'C, in which no chlorophyll is produced; 
but we are totally ignorant of the processes which go on in the vegetation 
of these plants. 

745. The history of the changes which take (ilaco in the cell- 
contents of the green Confervoid Algco (fig. 40‘5), which we are able 
to observe to a certain extent beneath the m^roscopc, affords some 
material toward the comprehension of the, processes which have their 
scat in the gg'ecn parts of the higher plants. 

We observe in the elongating apical or br.anching (mils of the 
Confervoids, that the contents of the ngseent parts (as in the upjier 
half of the dividing-cell of (Edogotihcm &c.) arc chiefly composed of 
colourless protoplasm, with watery Cell-sap. Under the influenco of 
light, green chlorophyll-corpuscles become more and niorc abundant; 
and under favourable circumstances of light &c. (accompanied by 
liberation of oxygen gas) the chlorophyll-corpuscles soon present 
starch-granules in the interior, which multiply and'increase con¬ 
siderably in size. This formation of starch occurs chiefly after the 
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cc‘11 has attained its full growth, and may be regarded as a continu¬ 
ation of the process which produced the cellulose of the cell-wall, 
now no longer required for the purposes of the individual cell, the 
contents of which, however, proceed with their assimilative action. 
After a time the cell prejjares for propagation, or reproduction. Then 
the starch-granules disappear, apparently by solution into dextrinous 
or analogous matter requisite for the development of new cell- 
membrane, which soon takes place, either in cell-division (§ 694), or, 
if the primordial utricle is discharged from the parent cell in the 
form of zoospores (§ 098), in the formation of the oell-mcmbranes of 
these bodies after they have come to rest. 

AVhere resting-sporcs arc to be formed, different changes ensue 
after the solution of the accumulated starch. The new cell, intended 
to remain in a quiescent condition, becomes coated by a cellulose 
membrane, or often tw'o distinct concentric coats; and, at the same 
time, that portion of the contents consisting of dextrinous or ana¬ 
logous matter which has not been consumed in forming ccll-mem- 
brano becomes converted into fixed oil, the green colour disappears, 
and the contents assume a red or brown colour, and external stimuli 
(light &c.) produce no influence. When these bodies germinate 
(which usually only occurs alter they have been dried up and are 
again placed in water), the chlorophyll gradually reappears and the 
oil vanishes, and the entire course is run through again. 

Comparing these phenomena with what we obsej’ve in the higher 
plants, we notice the siniilai-ity as regards the production of chlorophyll 
in the leaves, followed by the appeariuice of starch-granules as a form of 
nennmdated nutriment. But the functions being more localized as the 
organization is more complicated, tin' starch thus formed is subsequently 
dissolved, and is carried away to the growing tissues of the plant, to the 
Imds, cambium-region, and roots, wdiere it is laid up in autumn, very 
often in this same form, but not uufreqiiently in the condi(^on of fixed 
oil, as in the rhizomes of Cyperw, of Lastrtta Fih'x-mas, &c., and, above 
all, in structures which, like the rcstiw/spures above mentioned, are to 
remain quiescent while exposed to considerable diversity of extemaheon- 
ditions, namely in seeds^s in the cotyledons of Cniciferae, Almonds, Nuts, 
Walnuts, &c., or in the albumen of Poppies, Euphorbificeae, &c. 

The oil (or starch in other cases) stored up in the seeds and rhizomes 
undergoes decomposition and solution in germination, to supply material 
for the cell-membraues of the imscent plant until the roots have become 
sufficiently developed to provide for it. 

We have at present no very satisfactory evidence of the kind here 
brought forw’ard to indicate the mode in which the nitrogenous matters, 
necessary for the fonnation of new protoplasm, are taken up. The ques¬ 
tion of the assimilation of nitrogenous matters will be considered in the 
following section, on the Food of plants. 
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Sect. 2 . Food of rtANTS, 

74t>. The first stoj) in the investigation of this subject is to 
ascertain what siibstaneos outer into the composition of vegetable 
structures aud juices. 

Analj'scs of plants have demonstrated the existence of the 
following chemical elements in jfiauts:—Oxygen (0), Ilj'drogcn (11), 

I Carbon (C), Nitrogen (N), Chlorine (Cl), Jlromine (13r), Iodine (1), 
Fluorine (F), Sulphur (S), I’hosidioriis (F), Silicon (Si), Potassium 
(K), Sodium (Na), Calcium (Ca), Magnesium (Mg), Aluminium (Al), 
Manganium (Mn), Iron (Fe), Zinc (Zn), Copper (Cu), Titanium (Ti), 
Ai-senic (.Is), Lithium (Li), Itubidium (lib), Cmsiuin (Caj), and 
Barium (Ba). 

AU of these, however, do not exist in cverj* vegetable substance; 
the first four are universally present, while a perfectly healthy con¬ 
dition cannot be assured unless sulphur, potassium, calcium, magne¬ 
sium, iron, and ])h()sphorus are also present at some time or other. 

1 747. With the e.xception o f o.rwjrrn . these elements are not taken 

up by plants in a sim 2 )lc form; and none of them exist as such in 
vegetable substances. The compounds of the different elenumts differ 
much in the proimrtiou in which they exist. Water (110 or H^O) 
may form ttO to 1)5 per cent. Of the dry suhstanee, compounds of 
carbon, hydrogen, and oxygen (C H 0) may form 00 per cent.; the 
alkalies, earths, aud metallic oxides commonly form 1 to 4 per cent., 
in rare cases as much as i!U per cent. '• 

748, The great mass of all plants is composed of the finst four 
elements in the list:—the solid parts, of compouiuls of carbon, hy¬ 
drogen, and oxygen ; the protoidasmic ccll-contcnts (§ 51)7) of com¬ 
pounds of these three elements, with the addition of nitrogen. 
Sulphur and phosphorus appear to he necessary constituents also in 
the protoplasmic compounds; the alkalies and earths are, in most 
cases, requisite in the processes of elaboration, but may, in many 
cases, he substituted for one another (perhaps in certain cases may 
be replaced by ammonia); chlorine is necessary in many plants. 
Iodine and bromine arc met with, particularly in marine plants; but 
it is pot clear whether their presence is necessary, or merely an inevi¬ 
table result of the absorption of sea-water. Iron and manganese are 
met with very conintonly, copper and zinc more rarely; silicon abounds 
in certain Orders (Orassos, Equisctaceaj), and is met with in many 
plants in smaller j)roportions., The most necessary ingredients for 

i - the due nutrition of the plant are, in various proportions according to 
I circumstances, a nitrate pr an- ammonia salt, a salt of potash, soda, 
* lime, magnesia, and iron, 

749, We have stated that (green) plants in gener^ acquire their 
nitre^ehons food by their rooto (from the nitrates of the soil), and 
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their c arbonaccoiis food by their loaves. The sources of the food are* 
therefore tho so§ aiuF atraospheroTn which plants grow; and thej 
inquiry presents itself at on^c as to the form in which the food is* 
supplied to and taken up by plants. 

On tho one hand, we know that plants can absorb substances only 
in a liquid or gaseous form (§§ 755, 756); on the other, we know 
that both the atmosph(!ro and the soil contain carbonic acid, water, 
and various nitrogenous compounds soluble in the latter. The alka¬ 
lies, earths, &c. exist only in the soil, and in more or less abundance 
and more or less soluble forms in different cases. 

Observation teaches us that the sim[>lcr plants, such as the Pal- 
nioileai. Lichens, many IVIosses, &c., can grow upon bare rocks or 
stones, and obtain their carbon, hydrogen, o.xygen, and nitrogen 
from the atmospliore alone ; and experiment shows that these are 
snpplic'd in the form of carbonic acid, water, and ammonia : the sub¬ 
stratum here supplies only tho small proportion of mineral substance 
that is required. Moreover it is possible to grow a plant to maturity, 
and even to make it ripen its seed, in distilled water containing in 
solution only the ash-elements of aquatic plants, such asXonferv'as 
&c. Similar growtli may be obtained by growing a plant in a watery 
solution of the necessary mineral ingredients of the }>lant, together 
with a nitrate or an ammonia salt, the excess of carbon in these cases 
being derived from the air. 

Further, it is observed that, if a vegetation of J;his kind goes on 
undisturbed for a lengtlieued period, the deeay of successive gene¬ 
rations of jdants leads to accumulation of organic substance, of vege¬ 
table mould, the material of which has been derived from the atmo¬ 
sphere by the plants, but lia.s not been consmncJ, i. e. decomposed 
into its original forms of carbonic acid &c., by them and their suc- 
cessom. ^ 

From these facts it has been concluded, in the first place, and timlyi 
that green plants have the power of feeding upon inorganic sub^ 
stances, and fixing them in definite organic compounds ; secondly, 
but with less justice, that thi.s is tho universal law of vegetable mi-| 
trition—that plants live exclusively on inorganic substances, which 
they convert into organic matters unfit for their own use, and 
only assimilable after a now decomposition. In regard to certain 
plants this last assertion ie altogether inadmissible, namely the 
Fungi and, above all, th^colourlcss j^rasites (§741) ; and not only 
is it contradicted by the phenomena.of their life, but it is opposed 
to the universal experience derived from observation of the culti-v 
vation of plants. Lastly, we know of no.cause why plants should! 
refuse to absor^ organic substances presented to them in a state ofj 
solution favourable to endoamotio action in the roots. 

It is very true that many even- of-the higher plants will grow upon soil 
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almost destitute of organic matters, ns we see on sandy heaths &c .; but 
the kind of vegetation wliicli charncteiiiiea such soils is very different from 
that which clothes land covered with vegetable mould. Aud the intluence 
of manures in asrriculture must be attributed iu a great measure to the 
extensive aid aferded to the plant in the shape of additional supplies of 
organic matters, which bear a kind of compound interest, since the in- 
civased growth they produce gives increased power of independent assi¬ 
milative action. 

750. Spontaneous vegetation is nourished principally by carbonic 
acid and ammonia alwaj's existing in sufficient proportions in tho 
atmosphere. The former substance is taken up by the leaves; and 
the latter is also probably absorbed by the aerial organs of plants, 
since the lowest kinds have no roots ; but the principal supply to the 
higher plants seems to be furnished through the soil, which receives 
ammonia dissolved in rain and dew, and, where porous, absorbs it 
greedily. 

751. Plants growing upon soil abounding in decaying vegetable 
and animal matters are doubtless supplied with part of their food 
from these sources. Ammonia is a constant product of decomposi¬ 
tion of animal substance, carbonic acid of this and vegetable matter. 
But from the researches of Mulder it would appear very’’ probable 
that tho old vegetable matters may pass into the living plants with¬ 
out undergoing decomposition into carbonic acid and water. Tho 
black decaying matter of vegetable origin, called humus, is decomposed 
in the soil into a series of organic acids, of which the last members 
possess much affinity for ammonia, and form both with it and the 
alkalies soluble salts, which may be absorbed as such by tho 
roots. In favour of mich a view is the fact that carbonate of 
ammonia (decomposable by eronic and apbcronic acids) appears in 
many cases hurtful when applied directly to the roots of plants. In 
addition to the tendency of these organic acids to attract ammonia, 
they seem to be capable gven of causing its production in the 
soil, since, in the progressive'oxidation of hnmus taking place at tho 
expense of water (H^O), the hydrogen of the latter possibly com¬ 
bines in its nascent state with tho nitrogen of the atmosphere to 
form ammonia. 

It has been common in recent works to find the value of humous or 
carbonaceous matters in the soil estimated very low; they have been re¬ 
garded either as merely improving the «(]^y8ically) absorbent power of 
soils, or as sources of carbonic acid, alreadv |ufficiently provided by the 
atmosphere. But the above ob^rvations, Dome out by the experiments 
in Turnip-growing by Lawwi)^ OUbert, are in favour of a higher esti¬ 
mate of the value of decayihgwt^naceons matters, and of regarding them 
as important constituents or' farmyard-manures for certain purposes. 
Lawes and Gilbert found that stimulating nitrogenous manures m excess 
were rather detrimental to the growth of turnips, leaf-formation going 
(m at the expense of l^e roots; but this was counteracted in a great mea- 
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sure by supplying, with the nitrogenous manures, carbonaoeous substances 
in cousiderable proportion. 

1 52. Certain observations made by Ville appear to indicate a power 
in living plants to fix nitrogen from atmospheric ajr; but this is 
negatived byBoussingault,Lawes and Gilbert, Pugh, and others. That 
ammonia is not absolutely necessary for the nitrogenous food of 
plants is distinctly indicated by the effect of nitrates as manures, 
rivalling that of salts of ammonia. Moreover it has been stated re¬ 
cently that ozone (a peculiar condition of oxygen) converts ammonia 
into nitrous acid ; and there is reason to suppose that the ozone con¬ 
dition of oxygen is produced in certain cases in the liberation of that 
element by plants. 

753. We may sum up briefly what appear to be the most proba¬ 
ble hypotheses respecting the acquisition of the four principal elements 
(C, H, 0, N) of the food of plants. 

1. The cell-contents of plants, when they contain protoplasm, are 
capable of assimilating nitrogenous matters in the form of com¬ 
pounds of ammonia or nitrates. 

2. Protoplasmic matters are capable of assimilating organic ternary 
compounds, without the aid of light, in the form of dextrinous 
or saccharine substances (Fungi), and in the form of compounds 
of the organic acids of the soil (cronio and apocrenic acids) with 
ammonia and alkalies. This action is accompanied by contact- 
action also, decomposing and wasting tho^ organic matter 
(§ 741), when it goes on in Fungi or in other plants in the dark 
(germinating seeds, blanched vegetables, &c.). 

3. Protoplasmic matters, in all plants except Fungi (and perhaps 

• some Algffi), arc capable of decomposing carbonic acid when 

('xposed to sunlight, the carbon entering into union with the 
elements of water to form the ternary compound, C H 0 
(dextrine, sugar, cellulose, starch, &c.). 

754. IMr their mineral food, plants are of course chiefly dependent 
on the soil in which they grow. The gradual decomposition of rocks 
furnishes the earthy and alkaline constituents, which must vary on 
difl’eroiit formations or according to diluvial actiojis. Marine plants 
naturally accumulate many of the mineral elements of sea-water; 
and plants growing near the sea derive a certtiin amount of the salts 
of sea-water from the atmosphere, brought by the winds-; the salt 
spray is shown to be c^iyied great distances by its being injurious 
and destructive to mdny kinds of plants growing exposed to sea- 
winds. 

Sectk 3. Absorption. 

755. Since ftie lower plants consist of closed cells, in the interior 
of which their vitalized substance resides, and the membrane of their 
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cells, so far as our investigations can reach, is, in genoral, destitute 
of orifices, the food of these plants can only be taken up in a liquid 
or gaseous condition by the still mysterious process of imbibi¬ 
tion. 

750. In plants of more complex organization, although loose 
parenchymatous tissues exi.st, and tho interspaces (§ 016) become 
concerned in at least secretion, the external surface of the plant, 
by which food mu.st penetrate, is carefully guarded by a continuous 
epidermis, entirely devoid of orifices in the roots, the principal ab¬ 
sorbing organs; and though perforated by stomatal orifices in the 
leaves and other aerial organs, these are carefully guarded by special 
contrivances to prevent the entrance of .solid matter, and in all cases 
lead merely to intercellular pa.s3uges, external to'tho membranes of 
the vegetative cells. 

In the I'ungi, Lichens, and Alga) absorption appears to take place 
freely at all points of the thallus to which ga.ses and litpiids have 
access. Tho structures of Mosses, Ilepaticic, and the smaller mem¬ 
bers of the higher groups of Cryptogams are likewise so simply 
cellular that they appear to be little tlepcndent on root-structures. 

; In the higher Cryptogamia and the Phanerogamia tho absorption 
i of liquids appears to be confined to the roots, the epidermis of the 
j loaves ikc. .being so organized as to oppose tho entrance of w'ator, 
while the stopuital cells which guard its prifices, swelling up so as to 
close tho slit between them when filled with fluid, concur to prevent 
the absorption water or other liquid. Gases, however, penetrate 
freely through mo.st eell-mnmbranes, sind. hence may be absorbed by 
leaves, and can pass freely through the stomata into the intercellular 
passages. 

757. The physical phenomena of dtj/'itsiofi and osmose are the most 
iimportant agents in the acquisition, by the cell-contents, of material 
jfrom withdut. These fd^enomena depend, first, on adhesion of the 
'liquid to the solid, and then on any eireumstances which cause move¬ 
ment in the molecules of tho liquid. 

We may say, in general terms, that when two liquids of different den¬ 
sities (the one “ colloidal ” or little diffusible, the other “ cnjatalloid,” or 
greatly diffusible) are separated by a membrane or otlftr porous substance, 
the denser liquid becomes increased ia Mk by the passage of the thinner 
liquid itito it through the membrae%,^^i8rule is indeed subject to mo¬ 
difications, dependent upon other qualities besides density of the liquids, 
such w their molecular relations to tho subeAnre of the separating mem¬ 
brane, the molecular nature pf fhe membrane itselL &c., since, of two 
different liquids, that which is more readily imbibed by tho membrane 
, passes through in a preponderating current. 

. When we-place sim^e vegetab^ cells with flexible pell-membranes, 
sudh as many pollen-grains, yeadt^^obules, &c., m water, tboir denser 
cell-cobtents absorb Water and the cell-wall, expands, sometimes even 
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bursts. On the other hand, placed in strong solutions of sugar or gum, 
such cells will lose part of their contents and shrink. But these simple 
experiments are not sufficient to indicate what takes place in the cells of 
tissues filled with livitig protoplasmic matters; for very frequently, when 
we place strch cells in liquids diifeiing in density from their contents, there 
ensue successive changes of condition, which must also he involved in 
many natural processes. Thus, if we place in water a fragment of cellular 
tissue from the region where pollen-gi.ihis are being developed in the 
anther, or spores in sporangea, water is absorbed through the cellulose 
Coat, hut the primordial utricle contracts; but when the water pene- 
traU'S the latter, it swells again and sometimes expands beyond its 
original volume, bursting the cell-mopibrane M»lieu this is weak. 

Tlie presence of a membranous or porous septum is not essential to such 
a tuocess of filtration and admixture iUi above described. Two liquids of 
different densities placed in contact will gradually mix by the attractive 
force that the one exerts on the other. Tliis diffimwi depends 

materifllly in amount on the nature of the liquids—colloid or crysmloid, 
as thu case may be. 

758. The recognition of endosmose as the cause of the absorption 
of litpiids by the young roots and root-hairs affords some explanation 
of the apparently contradictory phenomena wffiich have been de¬ 
scribed by those who have experimented with a view to ascertain 
whether plants have any seleclhirj-poive)'. It has been shown that 
there exist some very complex circumstances of purely physical 
nature in endosmotic processes, and that simple density of liquids is 
by no means the only important point—alkaline, aei^, or neutral con¬ 
ditions of mineral salts causing special peculiarities, dependent on 
chemical and molee.nlar relations to the meiubranc or porous inter¬ 
posed substance, and in other cases on chemical actions taking place 
on one or the other side of tho membrane. 

SoiiK'writers assert that the roots of plants absorb all substances ihJ' 
ditt(>rently; and the experiments of Vogel and qthers appear Jo bear this 
out. But, not to mention that the ashes of difierent plants grown in the 
same soil have different composition, Triuchiiietti has shown that difter- 
ent salts are absorbed in different proportions from mixed solutions; and 
in I)e Saussure’s e.xperirifents living roots absorbed differently from 
diseased or dead ones. 

Such phenomena ns these, however, may be explicable on purely phy¬ 
sical principles. It has been proved that different chemical salts exhibit 
unlike quantitative ph^oinena in passing through dead endosmotic sub- 
stances;-and thus even Horn hiix^d jluida one salt might pass more readily 
into n cell than another; and, still more, the immediate decomposition of 
one salt alone, inside the membrane, while the other was not affteted, 
which might take pl^e in a living cell, vfouj^ greatly aflect the endosniose, 
since the cell-contents would soon be saturated with'theTalter, while the 
other would not accumulate. In regard to I)e Saussure’s experiments 
(which are bom^ out by what wo see beneath the microscope when we 
apply reagents, suph as iodine, to hl^flthy nr decaying tissues), tljifra is 
no necessity to have recourse to a vUal. agency of Section, saoisl Ae 
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chemical activity of the cell-contents, quite difiereut in a living and in a 
dead organism, might account for all the diversities, even if the dill’eronce 
could not be explained by a physical ditference of tomt/n in the living 
cell-iuembrane and that of a dead organ, in which a process of decay im¬ 
mediately commences if iji is exposed to the action of water. It has 
recently neen shown that porous vessels placed in mixed solutions select, 
just as plants do under similar circumstances; and those solutions which 
pass most freely through the walls of cells are those which always pass 
most freely through the sides of the pomus vessels. Those cases in which 
the same amount of any given substance is capable of being absorbed by 
plants which have' nevertheless difierent chemical composition, may also 
bo explained by the diffeUsnt osmotic powers possessed by the cells of 
different plants. Thus, supposing the root-cells of a cereal plant and 
those of a Leguminous plant to take up the same amount of suico from 
the soil, the quantity of that ingredient would speedily be found to be 
greater in the cereal than in the Leguminous plant, because the cells of 
the former can appropriate silica, and by osmosis store it up iu the epi¬ 
dermal tissues, while the cells of the latter, having different osmotic rela¬ 
tions to silica, soon become saturated, and can take up no more. On the 
same principle we see cells in juxtaposition containing very different in¬ 
gredients, which yet do not mix because the conditions for eudosmosis are 
in some way or other not favourable. 

Sphlosing says that the power of absorbing mineral ingredients from the 
soil is diminished by limiting the process of evaporation, as when plants 
are grown imder a bell-glass. 

1 759. The leaves and other green parts of the higher plants do 
inot appear to a^isorb liquids. Whether they absorb oven watery 
/vapour to any great extent is questionable; but it is certain that they 
/absorb gases, and that a very large proportion of the carbon which 
is consumed by green plants is taken into the system in the form of 
carbonic acid gas, by the leaves and green shoots. 

Unger denies that leaves absorb watery vapour; but this is in contra¬ 
diction to ^he general impression; and it is difficult to understand how 
they can refuse it. "With regard to nitrogenous matters, there appears 
to be some reason to imagine that ammonia (or nitrates)’ may bo as¬ 
similated by plants, and possibly by their leaves, from atmospheric air. 
This point will be noticed fui-ther on. 

760. The entrance of gases into the cells is attributable, through 

their solubility in water, to eadosmotic action; while the laws of 
diffusion of gases provide for their entrance into the intercellular 
passages, which brings them into ■ coptact i^th the deeper-seated 
cells. , , 

’ „ Sect. 4. Diffusioit of Futrip nr Plaxts. 

761. Tfie diffusion of the fluid absorbed by plants, and the nature 
of the interchanges which take place between the products elabo¬ 
rated in thd. different tissues, offer a number of prob^ms, of some of 
which no very satisfactory solution «ai at present be offered. • 

762. In aquatic plants the entire surfaCb ip employed in absorp- 
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tion ; and the liberation of gases in the respiratory or other processes 
being accompanied by condensation of the cell-contents, endosmotic 
action is kept up constantly during active vegetation. 

In the Cellular plants, such as Lichens, Fungi, and even in 
Mosses and Hepaticfe, the diffusion of the fluids would appear to be 
a result of simple endosmotic action continued from ceU to cell in 
more or less complex series; and in the plants growing in air, eva- 
jforation of gases increases the density of the contents of the last or 
uppermost cells of the chain. 

763. In plants with well-developed stems and roots, the liquid 
nutriment is absorbed by the latter, and the movements which the 
absorbed fluids have to make are much more complex,not only from the 
greater variety of forms of tissue through which they have to pass, but 
from the multiplied details of the interchanges with elaborated matters 
arising from the scattered distribution of the leaves over the axis. 

764. As so large a quantity of fluid is absorbed by the roots from 
below, it is clear that the diffusion of that fluid (or saj), as it is now 
called) must in the first instance be in an upward direction; hence 
the phrase ascent of the sap. The main current of'the sap, then, is 
upwards from the root, through the stem and branches, to the leaves, 
wherein, owing to tho changes it there undergoes and which will be 
hor(>aftor aUudod to, its character becomes altered and the general 
direction of its current reversed. 

The upward direction of tho crude sap, and still mdro the downward 
current of tho elaborated sap, must he understood in a goueral sense as 
indicating the prevailing direction of the current. A more strictly correct 
expression would be to say that the sap, whether ascending or descending, 
moves in tho direction in which circumstances are most favourable to its 
flow; and this is to tliose spots where the sap is most needed for the • 
nutritive processes of tho plant, as will be more fully explained in suc¬ 
ceeding paragraphs. 

765. Tho C 9 Jia£!a_Erqducing the ascent of the sap arc manifold. 
They vary not only in their na’fure, biif, at different times, in different 
jiarts of the same plant and under, varying circumstances. We will 
first of all allude to the inducing causes separately, and then indicate 
how, when, and where they act. En dosmotic action consequent onj 
the absorption of fluida by tho root is on all hOTKl8"admitted to play 
the principal share in the difffision of fluids throughout tho plant. 
Canillar Y action facilitates the Upward passage in or between the},^ 
fibro-vasciSar tissues. Pressiire^^hether exerted .by, the tension of 
tho cell-walls upon their co"n£ents, afld' itself consequent on endos- ] 
mosis, or as the result of increased temperature, which expands tha..^ 
air in the stemi forces tho fluids to move in the direction of least 
resistance. The oscillations produoeff by the swajing of the branches, j, 
petioles, &c. by tETwinfflflio occasion intermittent pressure, to which / 

2 c 
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Mr. Herbert Spencer attributes au upward thrust of tte sap towards 
the point of least obstruction. 

i) The profuse evaporation or transpiration of watery vapour from 
the leaves is a powerful agent in producing an upward flow of fluid 
to replace that which is lost in the manner indicated. The extrava¬ 
sation or exudation of sap consequent on the mechanical strains 
effected by the wind also give rise to a current of sap from below. 
Chemical actions, such as the transformation of starch into sugar &c., 
necessitate a supply of water and create currents of that fluid. 

The above-named causes act sometimes separately, at other times in 
combination. In the ropts, not only the absorption but the ascent of the 
sap is due to osmotic action chietiy. 

The roots take an important share in promoting the upward flow of the 
spring sap. If, in spring, we notice the surface of stumps of timber-trees 
which have been sawn off in the preceding autumn, we find the cut sur¬ 
faces wet with abundant exudation from the outer layers of the wood; 
and experiments made upon the cut ends of branches, by Hales and others, 
show that the sap rises in them with very considerable force—in the case 
of the Vine, supporting a column of mercury 2(1 inches in height. It 
is evident, therefore, that tlie .spring current, at least, is partly owing to 
absorption by the roots, in the cells of which decomposition and solution of 
starch ai'e eliected, and which must in consequence absorb water greedily; 
the eligorgement of the tissues may cause the liquids to be forced into and 
upwaras along the course of the vessels and ducts. 

In woody stems osmose also comes into play in conjunction with 
capillary action and pressure dependent on the various causes before named. 
Pressure resulting from increased temperature is illustrated bv the cir¬ 
cumstance that the flow of sap in the trimks of trees is greatest during the 
daytime, when the trunk absorbs the sun’s heat by its rough suiface, 
and-least at night, when the tree is cooled by radiation. In the leaves the 
tran.spiration and the movements effected by the wind afford the main 
causes for the rush of sap. In the expanding leaf-buds, and in all portions 
of the plant where vegetation is going on actively and where in conse¬ 
quence large quantities of nutriment are required, the chemical transforma¬ 
tion of the cell-contents, which renders them available for nutritive pur¬ 
poses, necessitates a large quantity of water; and in consequence an 
endosniotic current is produced. Thi.s cheuucal action does not necessarily 
occur at the very point where growth is most active, generally, indeed, 
elsewhere, in what may be termed the store-cells, so that a current is 
determined from the store-cells to the gro^ng points. 

The transfers just alluded to may be edmpafed to a row of firemen 
handing on pails .of water, in the absehce or a hose or continuous pipe, 
such as is represented by the blood-vessels of an animal. 

The spring ascent of sap in Dicotyledons is partly to be accounted for by 
the solution of starch, or the decomposition of fixed oil &c., in the buds and 
cambium-region, as above mentioned (just as occurs in the root or in a seed 
beginning to germinate). But, as has been observed by von Mohl, the 
inspissated juices thus formed dd not lie in the sap-vPood wherein the 
ascending current flows, hut in the cambium-layers where the elaborated 
sap detemif, and it is nob clear why the ascending fluid, if moved by 
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endo3mo.se alone, does not pa.sa out laterally into the cambium as soon as 
it reucdios the stem. That the bud.3, however, do exert this attractive 
force is seen by the influence of the heat of a greenhouse in causing the 
flow of sap in a Vine which is planted with its roots outside the house 
and its stem brought inside and trained there. 

766. In the leaves (and green portions of plants generally) the 
very important phenomenon of evaporation or transpiration of watery 
vapours occurs, and constitutes probably the most important agent of 
all in causing the supply and diffusion of food in plants. It has 
been stated above (§ 758) that plants absorb their liquid food pas¬ 
sively by their roots; therefore, under equal external conditions, a 
pla.r.t should receive the nutrient matters derived from its liquid 
food in the ratio of the quantity of water passing through its tissues 
and evaporated from its leaves &c., since the water passes off almost 
as pure vapour, and, at all events, leaves its mineral constituents be¬ 
hind. The amount of evaporation is remarkably great, and accounts 
in some degree for the sustenance of plants by such extremely dilute 
•sulutioJi.s of their nutrient matters as they, find in the soil. 

The experiments of Lawes and Gilbert give the following average daily 
loss of water in the months indicated, in pots of uumauured soil, the first 
lino from Wheat, the second from Peas :— 


Murch liHh ^^ilrch April :28th May 2oth June 28th July 2dth 

to to to to to to 

March 2-Sth. April 28th. Muv 2oth. Juno 28th. July2Sth. Aug. 11th. 

14-;l 40-y 162-4 1177-4 lo-l-j-S 1101-4 

11-2 42-9 106-4 1079-8 20t)2-7 677-2 


Aug. Ilth 
to 

Sept. 7th. 

230-9 


The total amount of water given off during the whole period of 172 
days (March 19 to Sept. 7) was, by tlie TFhcat, 113,527 grains, hy the 
J'eas, 109,082 grains. The total quantity of mineral ash from each of 
I he samples was, JFAeat.JlO-TO grains, and Pens 43-16 grains, which shows 
that the Wheat took up 32-14 grains, and the Peas 39-57 grains of nii- 
mu-itl matter in every 100,000 gi-idus of water which evaporated from it. 

The amount of transpiration depends on the age of the plant, the 
amoimt of surface exposed, the nature of the epidermis, the texture of the 
leaf, &c.; tlius it is usually greatest on the lower surfaces of leaves, which 
are provided with the greatest number of stomata. External conditions, 
such as the degree of moisture in or the temperature of the air, also 
exert great influence on ti-anspiration; the drier and hotter the atmosphere, 
the greater the transpiration. ' Idght also has great effect on the qiiantity 
evaporated,- hut it is difficult to*8eparate its effects :^m those of heat. 

In the .spring, before the expansion of the buds, absorption is neces¬ 
sarily greater than transpiration, the watgr in such a case is stored in the 
stem, where it is made available for the expanding buds and growing 
tissues generally. In the summer the transpiration is greater than the 
absorption; and then the leaves depend for their supply on the stores in 
the stem, or, failing that, they witners Even in winter, provided the 
stem be not absolutely frozen, there is a motion of the juices, dependent 
to a great extent on the temperature of the soil, which is always in that 
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season higher than that of the air, and it increases in amount from the 
surface downwards. 

767. As regards ^he special tissues through which the sap flows, 
the experiments of Hoflfmann and others indicate that a very uniform 
diffusion of fluids takes place in the Cellular plants and in the Mosses. 
But'the last-named physiologist found that in the plants possessed of 
fibro-vascular bundles, the fluids passed up in the first instance from 
the roots chiefly in the proseuchymatous coUiilar constituents of .the 
bundles. These experiments were made liy causing the plants to 
ahsorb fcrrocyanide of potassium; and then, by treating sections of 
them with a por-salt of iron, the course of the sap was shown by tho 
local appearance of l^ruiisian blue. 

Unger's experiments, in which lie caused plants to absorb the red juice 
of the berries of rin/tolacca, gave the same results. As a rule, it was 
found by both observers that tlie fluid? did not pass by the .spiral vessels 
themselves, unless the continuity of the absorbing .surface of the roots 
had been destroyed. Herbert Spencer’s experiments, however, show that 
the passage through the vessels is much more rapid than through the 
cellular tissue. Where out branches are caused to absorb, tho fluids rise 
in the open vessels and ducts by simple capillarity. 

768. The spiral and other vessels do not always participate in tho 
diffusion of the juices; but in tho commencement of the growing 
ing-senson (with us, in spring), the whole tissue becoming gorged 
with fluid, the vessels are commonly found full of sup. In the 
regular steady course of vegetation tho spiral vessels are usually 
found filled with air. 

The intercellular ]>f.(ssa(^fes arc silso filled with air, except under 
peculiar circumstances, and therefore take no part in the distribution 
of the sap. , 

769. The experiments which have been made to ascertain tho 
course of \he fluids absorbed by the roots, tend to show that the .sap 
passes upward in the elongated colls associated with vessels in the 
fibro-vasoular bundlc.s, towards and into the leaves and other organs. 
The distribution of the fluids miust thorj^fore be very different in 
stems differently organized as regards the arrangement of these 
bundles. In Monocot 3 dedons we find a series of isolated streams; 
in Dicotjdedons the fluids ascend in a much freer and wider course, 
in the more abundant wood of the regularly arranged circle of bun¬ 
dles (§ 665). A further diversity arises from the changes which 
take place in stems with age: in Dicotyledons tho inner layers of 
wood generally become converted in the course of time into heart- 
wood (§ 670), the solidity of which obstructs the passage of fluids, 
which then ascend chiefly in the outer, younger layers of wood, which 
constitute the alburnum or sap-jvood. 

This is illustrated by the vegetation of hollow Dicotyledonous trees, in 
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which a sullicient layer of young wood remains within the bark to carry 
up the absorbed fluids. It is found that the careful removal of the heart- 
wood of trees does not prevent the supply of liquid to the branches from 
the roots; but if the layers of sap-wood are removed, the upper parts of 
the tree die iiom (lesiccation, even when the bark is left uninjured except 
to such an extent as is sufficient to allow of removing the wood bengatu. 
The removal of a ring of bark does not prevent the ascent of fluid, but, 
as will be noticed presently, arrests the downward distribution. 

770. A certain amount of lateral diffusion takes place from the 
ascending current, supplying the surrounding tissues with water, 
and, perhaps, nitrogenous materials ; but this point is not clear. 

771. Tlie fluid which is found in the sap-wood of Dicotyledons is 
of a watery character, containing dextrine and siigjir, but not starch, 
chlorophyll, or any colouring-matter. It contains also mineral salts 
absorbed b}^ the roots, in an undecomposed condition, at considerable 
heights in the stem. These fluids are called crvde saps, and occur 
in especial abundance at the time (spring) when the renewed che¬ 
mical activitj’ in the developing cellular tissues causes an increased 
absorption of fluids. 

This criiile sap flows out freely from incisions into the sap-wood of 
Dicotvlcdonous trees in spring, and sometimes spontaneously bursts forth 
in n hind of overflow, as in what gardeners call “bleeding” of "Vanes, 
llirches, itc. 

772. The crude sap becomes more and more condensed as it as¬ 

cends in the stem and other organs. In the leaves ^ind other green 
parts it undergoes a most important transformation, loses by trans¬ 
piration much of its water, and receives a new clement in its 
composition, of the highest importance to it as material for develop¬ 
ment, namely carbon, derived from the carbonic acid absorbed by 
the leaves and decomposed there in sunlight, with the liberation of 
oxygon. • 

773. The nature of the progress of the sap thus elaborated from 
the leaves into the iwnbium-rajion (§ 6G0) of the stem and other 
parts is at present obscure. Some authors, indeed, totally deny that 
the elaborated sap does descend; but this is in contradiction to all 
experience and observation. All experiments which have been made 
favour the opinion that there is' a descent of sap elaborated in the 
leaves, in Dicotyledons at least, in that part of the fibro-vascular 
bundles coinciding with the edmbium-ring of the stem—that is, in 
the cuinbiumriayer of th e y ood and in the internal-tissue, of the 
bark. This supplies the material for the development of now wood 
in the ftbro-vascular layers; and this elaborated sap evidently passes 
not only downward, but also inward, by lateral transmission, since 
we find in autumn starch-granules laid up in the medullary rays 
between the wedges of developed wood. 

The sap therefore performs a kind of circulation in Dicotyledons, 
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not in a proper system of vessels, but by a series of disturbances 
and restorations of equilibrium in a mass of permeable tissues, de¬ 
pendent upon local physical, chemical, and developmental actions. 

The evidence of a descent of elaborated sap is overwhelniinp. The 
simplest proof, that of removing a ring of bai-S, which causes the arrest 
of aevelopment of wood below the ring, is home out by all variations 
of it. Ihnginy fruit-trees in this way causes a temporary increase i)f 

E roduct of fruit ahovc the w’ound, from the accumidation of the ela- 
orated matter there. The formation of tubers in the Potato and similar 
plants is prevented by intemipting the continuity of the cortical layers; 
and when bark is removed in patches, and the surface becomes gradu.'dly 
grown over by new wood, the greater part of the new growth comes from 
the upperside. 

It 18 Mulder’s vifew, that all the nitrogenous constituents of plants are 
not only absorbed by the roots, but assimilated there at once, and that 
carbon is fixed in the green organs—then, that a continual interchange 
goes on from above and below, the roots supplying protoplasmic, matters 
1 (§ 597) which originate all organic phenomena, nmile the leave.s send 
1 down the ternary compounds (C 11 0) which afford the material for cell- 
I membrane, starch, &c. This author attributes the distribution to simple 
I endosraose; but this does not account for the passage of crude sap through 
the alburnum and of elaborated nutriment through the inner bani. Other 
authors con.sider that organic substances (carbo-hydrates, albuminoids, &c.) 
are formed in the leaves; in such a case a descent of the sap must of 
necessity occur. 

774. Sachs states that the elaborated sap in the cellular tissue is 
different from that in the vascular; “ the parenchymatous tissues 
have,” says he, “ an acid sap, containing sugar, starch, oil, vege¬ 
table acids,” &c. The vascular and prosenchymatous tissues, in¬ 
cluding the “vasa propria” and clathrato celLs (§§ .585, 624), have 
an alkaline sap. The sap passing through these tissues is of an 
albuminaus nature. Other physiologists, however, doubt wbotlior 
any such sharply defined dual nature of the elaborated sap exists, 
though admitting the large share which the vasa propria fill in tho 
descent of the elaborated juices. 

775. We may conclude tins portion of the subject by repeating 
that the nutrient fluids in plants follow certain directions, .according 
to the structure and arrangement of the tissues, the locality of the 
sources of nutriment and of growth or other action; and as regards 
the elaborated fluid the movement nnay be, I, from the place of 
formation to that of consumption, or, 2, to tho store-cells or reser¬ 
voirs, Or, 3, from these latter to the place of consumption. The 
ascending, descending, or horizontal direction of tho ciyrent is 
therefore a secondarynnatter. 

ToUlustrate the movement and transference of nutrieiit matters, allusion 
inay here be made to the researches of M. A. Gris on thei^roduction and 
utilization of Starch &c. This observer finds that in winter-time the 
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niedullary rays, wood, and pith are all filled with starch-grains. These 
diminish in spring, but are afterwards replaced during the summer. lie 
concludes from this that there are two special movements of the nutrient 
substances, as illustrated by their formation iii summer and their absorp¬ 
tion ill the following spring. 

Sect. 6 . Elaboration of the Food. 

776. When green plants are placed in water containing dissolved 
carbonic acid, and e.xposed to sunlight, they give off oxygen gas. 

This may be readily observed in Vallimeria and other submerged green 
plants grown in glass jars, a continuous stream of bubbles escaping from 
the plants when standing in the sunshine. The frothy masses of Con- 
I’eri’ic, borne up to the surface of freshwater pools in sunny weather, by 
the entangled bubbles of oxygen, afford another common instanoe. 

The absorption of carbonic acid, and the elimination of oxygen in the 
case of aquatic plants, and also in that of leathery leaves as in the Cherry 
JiRurel, whore there are comparatively few stomata, take place on the 
upper surface only. 

777. Where no carbonic acid e.xists, as in boiled or distilled water, 
no oxygen is liberated. Leafy shoots remaining attached to trees, 
but enclosed in close glass globes, increase the percentage of oxygen 
in the globes when exposed to daylight; and cut shoots with the 
lower ends placed in water containing carbonic acid in solution,give off 
more oxygen than if the lower ends dipped in water devoid of acid. 

The oxygen c.xhalcd by leaves &c. is formed at tl^e moment of its 
liberation; for Conferva', which have noair-pas.sages, and other plants 
which have had their air-pnasngcs exhausted by the air-pump, give 
off oxygon under the above circumstances. Fragments of leaves 
perform the same function so long as their organization is uninjured, 
while the destruction of the cells by pressure &c. stops the action. 
The epidermal cells (§ 6311) exhale no oxygen. 

The unlike influence of the different lAya of the spectrum is very re¬ 
markable. According to Draper, who.se observations have been confirnied 
by numerous observers, sunlight acta in proportion to its illuminating 
power in the deoxidating process; which appears to bo just the rever.se 
of what occurs in the reducing action of light upon silver. The yellow 
rays, are almost as powerful ns white light; while the more refi'aiigible 
rays, blue, \ iolrt, &c.. have little or no eftect on the emission of oxygen, 
though it is probable they may exert great influence on the chemical 
transformations which follow that process. In green light the leaves 
emit carbonic-acid gas, as in darknass. Diffused light is rich iu the niore 
refrangible rays, and hence causes a scantv emission of oxvgen. Prillieux, 
however, asserts that the amount of oxygen emitted by light of different 
colours is in direct proportion to their illuminating-pffwer, and that the 
effect of the yellow and red rays in causing the disengagement of oxygen 
is due to their luminous intensity. A corresponding fact has been noticed 
with regard to the evaporation of water, so that the two phenomena 
would appear to be in some way connected- 
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7T8. The quantity of oxygen given off bears a definite proportion 
to the carbonic acid absorbed by a plant; but excess of carbonic acid 
becomes obnoxious to health. , 

'779. It would appear that nitrogen is, also given off by plants ex¬ 
posed to sunlight. Draper observed considerable quantities exhaled; 
and Cloez and Gratiolet noticed more than was attributable to air 
accidentally present in the intercellular passages. 

Boussingault asserts that in the case of marsh plants a small proportion 
of carbonic oxide is exhaled by the green parts of plants, but probanly not 
under normal conditions. 

780. When the influence of the sun is withheld from green plants, 
they cease to give off oxygen; carbonic acid is now not absorbed but 
exhaled, oxygen being absorbed from the surrounding medium. 

Some‘entire plants (Fungi and parasites) and certain parts of most 
others (roots> flowers, germinating seeds, &c.) absorb oxj-gen at aU 
times and exhale carbonic acid. 

The carbonic acid given off from the interior of stems, roots, &c. 
by day is probably reabsorbed and decomposed in the green parts 
before it arrives at the surface of the leaves. 

According to De Saussure, if a plant is kept in a perfectly closed jar 
containing a measured quantity of atmospheric air, for several days and 
nights (an equal number of each), no change is found in the volume or com¬ 
position of the ^ir; the plant has exhaled oxygen by day and absorbed it 
by night, and exhded carbonic acid by night and decomposed it by day, 
in equal proportitn. But if this plant is watered wth solution of car- 
bohic acid, or this gas is added to the air, the quantity of oxygen in the 
air becomes increased. Under ordinary circumstances the leaves decom¬ 
pose by day much more carbonic acid than they exhale by night. The 
disengagement of oxygen has been obsen'ed in some aquatic plants to go 
on in the dark for .some hours after exposure to the sun. The sun’s light 
is thus stored awa)- in the plant and rendered available in some form or 
other when wanted. 

1 781. If plants are placed under such circumstances that they cannot 
decompose carbonic acid and exhale oxygen (by excluding light from 
them), they never acquire proper development; no green colour 
appears (they are etiolated), Httle or no woody matter is formed in 
the walls of the cells, and the whole energy is consumed in pushing 
out weak watery shoots; scarcely any of the peculiar resinous, milky, 
or, other secretions is produced; and plants can only subsist under 
these circumstanebs when supplied with organic nutriment. 

We see this when .shoots are developed from Potato-tubers in the dark, 
in the cultivation of Celery and fitherWnched plants, &c. 

782. A moderate addition of carbonic acia to the food of a plant, 
with free access of light and air, is mostly accompanied by acceleration 
.of the nutrient processes and a more abundant liberittion of oxygen. 

Many grera plants will flourish in sunlight on water and carbonic acid 



ELABORATION OF THE FOOD. 


573 


alone. Saussure found that the organic matter of plants increased in the 
proportion of 2 to 1 of the carbon contained in the carbonic acid; the 
eleinouts of water being combined wdth the carbon. 

783. Wh(m plants a,ro placed in pure nitrogen gas, or in vacm, all 
tlio functions of vogotntion arc arrested; not only do the chemical 
actions above noticed cease, bnt irritability, like that of the Sensitive- 
plants A'c., is lost, and the plant decays. Even shoots sejtaratcly 
oiudosed suffer in the same way. Tim death occurs especially early 
w’lien the plant is kept in the dark. 

Tin’s accomits in souio degree for the injury resulting from roots grow¬ 
ing down too deeply into the gi’ouud, as is often observed with fniit-trees. 

“84. It appe.'irs therefore that there are two opposed sets of . 
opK'rations in which plants have close and important relations to the 
atmosphere. In the one, occurring when they are exposed to the 
sun’s light, carbon is fixed, which must be regarded as a process of 
usmtiilation^ In the other, going on alwajs in the dark, and during 
tlie^ay in many p;ii+s of plants, oxygon is absorbed and carbonic 
aciil is exhaled, as in the animals. The fiminer process ’ 

is ab.solutely necessary for the production of now ternary compounds I 
(CIIO), but the latter appears absolutely requisite for the main- 
teiiance of the life of the plant. 

Tile passage of gases, of wlmt(iv()r nature and in whichever direction, is 
depimdent on the laws of di llirsiou; the cuticle of the leaf in these coses 
acts ns a dialyzcr or filter, chucltiiig evaporation, but pennitting the pas¬ 
sage of gases. 

785. The assimilative process, in which oxygen is liberated, ac- 
cnmi)anied by acciimnlation of carbon in the tissues, is evidently 
related to the formation of the remarkable series of neutral ternary 
compounds wdiich constitute the great bulk of the substance of 
plants, and. further, to the production of the more obscure and far 
more comjdcx and varied series of substances formed by a further 
removal of oxygen from the compounds of the first class. 

Tlie composition of tlio principal constituouts of cellular tissue.s, and 
the substances found in the watery cell-sap, is generally such that they 
may be regarded as eousistiug of carbon p/us the elements of w'ater; but 
it is by no means to be regarded as settled that they are secondary com¬ 
pounds formed by the uuiou of water with carbon. 

The formation of crystalline acids, such as oxalic acid <fec., is theoretically 
accounted for by a process of deoxidation. A further deoxidation of 
carbonic-acid gas and wmtnr would result in the formation of the different 
carbo-hydrates, cellulose, starch, sugar, iStc. A stiU greater loss of oxygen 
would account for the formation of vegetable fats ifec.: thus from six 
equivalents of. carbonic acid and five of water we jnay suppose starch, 
Cg, 11 , 0 , 0„ to bo formed and 12 atoms of oxygen set free, 

* 6C0j+r)Hj0=C„,H,„6,+120. 

786. The formation of the neutral ternary compounds being con- 

2 0 5 
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stantly in relation to the absorption of ^parbonic acid (CO“) and the 
passage of water (HjO) through the tissnes, with the exhalation of 
oxyt^en, it hns bpen assumed that assimilation of (^bon in the ffreen 
parts of plants is the result of decomposition of earboiu'c acid and of 
the combination ofthe carbon with water. As Liebig, however, indi¬ 
cated, water is far more easily decomposed than carbonic acid, and 
perhaps the. oxygen may be derived from that, its hydrogen uniting 
with carbonic acid. 

There is no evidence to show which view is correct. In the next 
place, Draper regards the decomposition of carbonic acid as a process 
resulting from contact-action or feemenfation excited by the nitro¬ 
genous protoplasm, accompanied by a waste of the latter, in which 
nitrogen is liberated. Mulder, on the other hand, believes that the 
carbonic acid enters into combination with some substance existing 
in the protoplasm, and that the oxygen is set free by the decompo¬ 
sition of this compound; for example, that chlorophyll is produced 
continually in sunshine, the wax associated with this being formed 
from starch, accompanied by a separation of oxygen, that this oxy¬ 
gen partly escapes and partly oxidizes the chlorophyll substance, 
and causes it to become green. 

Of these views, Draper's appears the most worthy of credit, as 
agreeing best with the phenomena observed in the cell-contents. 
Chlorophyll does not originate from starch, but usually vice versa : 
and it is quite admissible to assume a deo.xidating contact-action of 
the protoplasm uhder thp influence of light, when we observe a 
distinct oxidizing contact-action of the same part of the cell-contents- 
in the dark, as in the decomposition produced by the growth of the 
Yeast-plant (§ 740). 

787. As to the nitrogenous constituents of plants, we know little 
at present beyond the fact that they originally exist in the form of 
protoplasiflic substance, which, according to Mulder, consists of modi¬ 
fications of the substance called proteinc, known as vegetable albu¬ 
men, fibrine, caseine, &c. They constitute the substance of the; 
primordial utricle (§ .59f3), the chief agent in development, and the 
protoplasm (§ 597), on which chiefly depend, in all nrobability, the 
vital and chemical activity, of the cell-contents. These have the 
power of decomposing organic compounds by contact-action, and per¬ 
haps of causing new organic combinations. How they originate 
themselves is unknown; but it appears most probable that their 
source is either ammonia in combination with organic substances, or 
in some cases nitrates ; and it is most probable that there is ground 
for Mulder’s opinion that all actively vegetating cells (containing 
protoplasm) are capable of directly assimilating organic matters to 
some extent, whether exposed to light or not (§ 741 ji. 

This seems borne out by the universal presence of these nitrogenous 
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compounds in actively vegetating cells, in roots, paits of the flower, in 
cambium, &c., as well as in green organs. That the crueie sap (§ 771) is 
found to contain uncombined ammoniacal salts high up in the stem in 
spring may result ftom the activity of the currents of fluid allowing part 
of them to flow on undecomposed, while a part only is ai<3imilated m the 
roots. 

I*roteinaceous matters, it may now be stated with some confidence, 
originate in the colourless protoplasm from the decomposition of sugar 
and ammonia salts in the same manner .is starch is formed in the chloro¬ 
phyll under the influence of light. I’asteur induced the formation of 
protoplasm in yeast-cells by supplying them with a saccharine solution 
and a nitrate or ammonia salt. 

Our space compels us to re.strict thi.s Section within narrow limits, and 
we are obliged to omit any special reference to the application of these 
gimeralizations to the explanation of the facts of Agriculture *. The whole 
cpiestion i,s in a .state; of transition : much progress has been made in ac¬ 
cumulating facts, but fe-w points have been absolutely ascertained. The 
.student is recommended to stiiely works on physics and organic chemist^. 
Vegetable physiology is daily becoming more and moro a subject for the 
pliy.sicist and chemist; and without a knowledge of the subjects treated of 
by students of these sciences, progre.s8 in vegetable physiology is impossible. 

Sect. 6. DEVEI.OP^tENT AND SECRETION. 

78S. At the commencement of the periods of activity of plants, as 
when Ihcy shoot up from seeds, or when the new shoots are jinshed 
out in siiring, the whole product of the elaborating processes is 
devoted to the formation of new structure, to devflopment As the 
.seiison adviiuces the cell-forming activity slackens, the permanent 
tissues heimmc consolidated by the formation of secondary deposits, 
and the parenchymatous tissues appear loaded with accumulated 
products of assimilation, snob as chloropli}'!!, starch-granules, &c., 
wliich in annual plants are subsequently consumed in the matura¬ 
tion of the seeds, and in perennials are g.athcred together in autumn 
and stored up in those tissues which are to carrj" on the development 
ill the succeeding season. 

789. The phenomena of development have been sufficiently dwelt 
upon incidentally in preceding Sections (§§ 692-709 &c.) ; but we 
have still to speak of certain proccsse.s, occurring more or less ex¬ 
tensively in plants, contemporaneously with development, in which 
products are formed which are not, like starch, chlorophyll, &c.. 
evidently transitory forms of assimilated substance. These sub- 
stance.s, called by the general name of secretions, are of most varied 
kinds, and their relation to the econftmy of vegetable life is still very 
obscure ; but a brief notice of the most striking of ^em is indis¬ 
pensable. ^ 

* The .student will find a useful summary of chemical science applied to 
agriculture in a little work called ‘ How Crops grow ’ (MacMillan). 
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A distinction is sometimes irnide between the peculiar product^ found 
in the interior of cidls, and those which are accumulated in certain oases 
in intercellular passages or cavities, or upon the outer surface of cell- 
membranes, the former being called secretions and the latter escretious. 

790. The principal substances seereted by plants are air, water, 
gum, sugar, volatile oils, balsams, rosins, gum-resins, and salts, 
either entirely inorganic, or formed of combinations of mineral bases 
with organic acids &c.; besides these there oceur in individual 
Orders a multitude of alkaloids, neutral substances of various kinds, 

lou ring-principles, &c. 

791. The liberation of gases in intercellular passages, cavities, &c. 
(§041) occurs both us a necessary accompaniment to the chemical 
decompositions going on in the cells, and as a speci.al process con¬ 
nected with peculiar habit of plants &c., as in the Utr'wnhirice 
(§ 470), in the air-sacs of ?\ic>is vesicnlosus, &c. The composition of 
the air found in the cavities of plants necessarily depends upon the 
external conditions, as under sunlight there is generally a greater 
proportion of oxygen than exists in eonimou air, in the dark but 
excess of carbonic acid, 

792. Water is given off in a liquid form by various plants, either 
from glandular pajullu), or from the geTicral surface of leaves &c. 
In Nepenthes iJistUhitoria, Snrrncenid, &c. water is secreted in the 
pitchers (§ 101) wherein it accumulates. The leaves of various llu- 
sacete, Aracea), Orasses and other ilonocotylcidons, Tropceohm, Irn- 
patiens, Brassien olerficea, &e. give off drops of water from the leaves. 
In 'Caladhnn there exist orifices at the points of the h'aves, coniiuu- 
nicating with internal canals, whence great quantities of water flow 
(half a pint in one night). This wahir is of course contaminated 
with salts and small (piantitics of soluble organic matters. 

793. Gum is usually poured out into and accumulated in inter¬ 
cellular pa^sage.s, as in the Cycadacca), in the bark of the Acacias, 
Cherry, &c. Wlnm it is fonned in large quantities, it bursts the 
tissuejs and exudes in the form of tears. Tho formation of the gnm 
Tragaeanth in the species of Astrarjahis is different from this, con¬ 
sisting of collenchymatous thickening of tho cells of tho pith and 
medullary rays, which swell by absorption of water, and burst out 
from the stem under certain circumstances. Tho peculiar organs 
called cystolithes (§ 612) have a giunmy excretion as a basis, in tho 
form of a clavate body, suspended in th<! interior of an enlarged cell 
Vy a cellulose., pedicle; when mature these bodies are covered with 
crystals of carbonate of lime ; They are especially common in Urti- 
cacete, as in ^icus elastica, Morns, Brovssonetiti, &c. 

794. Sugar, commonly occurring as one of tho soluble forms of tho 
assimilated ternary substances, is occasionally excrcied, especially 
from the parts of flowers, such as the so-caUod nectaries. Through 
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ovaporalion of water the sugar sometimes appears in a crystalline 
form. 

Sugar occurs commonly in the corolla-tnhes of monopotalous flowers 
(Tnliio &c. ), on the nectariferous coronet of various plants, on the glands 
of petals like those of lianuuculKs, Panmssiu, dtc., or in pits in the same 
situation, as in sonn^ Liliacom. On the loaves of various species of Acacia 
occur glands secreting sugar; and the same is the case in species of 
C/er<id(‘Hc?r()n, [.aurustinus, the lower f-iirface of young leaves of PruniM 
TMuroccraHvx, &c. Various species of Ash {PVaxinus) and Ta 7 nariz excrete 
a great quantity of saccimrino substance under the form of viamta. 

T!ie wounds inllicfed by insects (Aphis) also cause excretion of sugar 
from leaves, forming “honey-dew.” 

/ih'i. The volatile oils aro extremely numerous. They are ordi¬ 
narily sci-rotod in glands (§ (i-15), either external or internal, situated 
(111 the herbaceous ])arts of plants. They are rarely pure .suh.stanccs, 
the essential oUs usually containing dissolved resinous mattons, cam- 
])hor, or active principles of various kinds. The odours of plants and 
many of their mo.st important (pialitie.s depend upon these secre¬ 
tions, which are generally peculiar to partictilar genera or Orders of 
plants, and not unfrc(]U('ntly differ in slight degrees, so as to bo 
oharacteri-fic of particular species in an Order. The chemistry of 
tlu! formation of these bodies is still very obscure. Some arc hy(iro- 
carbons; othor.s contain oxygen in addition; and sulphur plays an im- 
])ortant part in many, esiteeially in the Crucifertc. The only general 
.statement which can he made is, that the majority of the es.scntial 
oils contain le.ss oxygen in pro])ortion to carbon and hydrogen than 
the dextrine and the other neutral ternary compounds, and that their 
production stands in a certain relation to the access of sunlight to 
the plants. 

Th(^ Labiat.'O with their external epidermal glands, the IJlypericacese 
and Anrantiace.a; with their internal glands, th(' I'mbelliferro with the 
oleiferousvitfce in the fruit, the T'ereblnthaceae, llutaeiae, kc. an^ striking 
instauce.s of the occurrence of essential oils in particular Ordora. 

70(). Uesins, solid or fluid (balsams), arc very varied. They occur 
chiefly in intere()llular i)as8agcs, or in groups of cells especially de¬ 
voted to the secretion of the.so products. Very little is known of 
tho processes of their formation; but the same generalities apply to 
them as to the essential oils with which they are not unfrequently 
associated. 

Among the resin-produciug Orders m*ay he noticed especially the Coni- 
fer.TB, tho Leguminosa} (Copaifera, Myroxijhn, &c.), Aniyridacese, Gutti- 
forffi, Styrac(Mc, Terebinthacese, Liliaceae (Aloe, Xanthorrhca), See, 

797 , Re8ln(?us and waxy matters are found in considerable abun¬ 
dance on the surface of tho leaves or fruits of many plants. It is not 
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clear at present how far these are to be regarded as proper excre¬ 
tions or as chemically motaraophosed epidermal structures. 

Under this head falls the waxy coat of leaves and fruits which exhibit 
what is called a “bloom,” as the loaves of Primulace® (/'. Anriculn, 
See.), Mesembryanthaceas, the fruits of the Plum, M}'ricace88, &c. The 
wax of the Wax Palm ( Ccroxylon) is formed in flakes upon the surface of 
the stem. 

798. Wax and resinous matters occur on the outer coat of the 
polleu of flowers ; and the ^dscid surface presented by the epidermis 
of many plants, such as Lychnis Viscaria, some Silenes, &c., is attri¬ 
butable to similar causes. 

799. The so-called milky juices (latex) occurring in specially 
modifled intercellular passages (§ 649) are of comple.x composition, 
containing essential oils, resins, gum-resins, starch-grains, extractive 
matters, alkaloids, proteinaceous compounds, &c. suspended in water, 
forming a kind of emulsion. They are not opaque and milky in their 
natural state, but become so when exposed to air, and mostly assume 
a transparent resinous character when their watery constituents 
evaporate. 

Very different opinions have been expressed as to the nature of 
latex and the vessels containing it (§ 649). By some it has been 
considered a nutritive fliiid analogous to arterial blood, by others 
as of purely excrementitious nature. A third notion is founded on 
the comparison of the fluid in question with venous blood. Probably 
that view by which it is regarded as a fluid containing, mixed with 
matters of a directly nutritive character, others which are excremen¬ 
titious in their nature (Sachs, Hanstein) is the most correct. Trecul 
holds that the laticifcrous vessels are the analogues of the veins, and 
their contents equivalent to venous blood. He traces a contact and 
inosculation of the laticifcrous vessels with the pitted duets and 
other vessels. Latex from this point of view would be the residue of 
the sap after elaboration by the cells—the caput morUmm of the sap. 

These juices abound especially in particular Orders, as in the Papa- 
veracea3, Euphorbiaceoe, roots of (flchoracea), Apocynacem, Urticacca!,ifcc. 
Amongst the most important substances obtained by evaporating them to 
dryness are;—q/n«»jfrom Papaver sotnniferum, and camdemme from various 
Euphorbiacese, Urticacese, and Apocynaceoe; ytitta percha from Isonandra 
guUa, &c. 

800. The saline and purely mineral excretions of plants have been 
already referred to. They occiir as incrustatibns of the ceU-mem- 
branes, as silica in the Grasses, Equisetacete, Stellatm, &c., or car¬ 
bonate of lime in Charm, Corallinem, and in smaller quantities on the 
leaves of various Saxifrages. Crystals (raphides, § 61,1), eithot of in- 
cH^anic salts, or compounds of organic acids with lime Ac., are fre¬ 
quently met with in the cellular tissues; but very little is known at 
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present of the nature of their relations to the chemical processes of 
vegetation. 

The close relation of the vegetable organic acids, oxalic, malic, citric, 
&c., to carbrniic acid, water, and tbe ternary assimilated substances has 
already been alluded to. 

Tannic acid or tannin, Cj, H,, 0,-, is a very frequent constituent of the 
woody tissues when their vital activity has ceased, and is perhaps a pro¬ 
duct of decomposition. O.ak, Sumach, Vlnm Coriana, Acacia Catechu, &c. 
owe their tanning-properties to this substance, which occurs more or less 
abundantly in all old structures of ligneous plants. 


CHAPTER V. 

r.ErRODUGTION OF FLANTS. 

Sect. 1. VEGE'r.tTlVK JlrLTIPUCAIIOX. 

801. It is a remarkable characteristic of the Vegetable Kingdom, 
shared,indeed,by some of the lower animals, siieh’as Sponges, Polypes, 
Ac., that their orgaiii/.ing forces are difftised throughout their struc¬ 
ture, whence results not only great repetition of similar and, to a 
certain extent, independent parts in the same plaut, but a capability 
in those ])art8 of surviving when separated from^tho parent stock, 
and becoming the foundations of new plants. Through this condition 
of the organization arises tlie possibility ot n multiplication of indi¬ 
vidual plants by simple sululivisiou of the vegetative structure of 
a single s])ocinien—a process which is not onl^- universal through¬ 
out (ho Vegetable Kingdom, hut in' many cases is so frequently 
and abundantly manifested as to throw the proper reproduction by 
seeds or spores into tha biickground. 

As will be seen hereafter, the spores of some Families are really formed 
by a kind of vegetative multiplication intermediate between the proper 
reproductive process and the development of the new plants ; but it will 
be more convenient to examiiK! those cases in eoniiexion with the forma¬ 
tion of spores and seeds generallv, and to confine our attention here to 
wliat are distinctly and evidently hud-structures. 

S02. The modes of vegetative multiplication of plants nccessarilj- 
depend essentially on the organization of the species ; Dccordhigly as 
the vegetative structures present mot;c or less complexity, so arc the 
“ buds ” more or less developed at the period when they are detached 
from the parent. 

803. In th(i ThaUophyta, where the entire organization is coUular, 
and no leaf-structures exist, the buds or gemmer arc ccUular strH#- 
turcs, more or less complex, according to the condition of the parent 
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thallus. Wc have examples of the simplest kind of multiplication in 
the lower Algae, such ns PalmeJlem (§§ 544,540), Desmidiece (§550), 
&c., where the plants are continually undergoing propagation by divi¬ 
sion of the constituent cells. In these cases su(;h multiplication ap¬ 
pears to represent the vegetative growth of higher forms, and a true 
reproduction, with formation of spores, recurs periodically to intornipt 
the simple cell-division, in a manner analogous to the recurrence of 
tlowering, after a certain extent of vegetative growth, in the higher 
plants. 

In the -Fungi many kinds are abundantly propagated by conidia, 
or simple cells detached from the mycelium, as is the case in the 
growth of Ye.ast (fig. 408), in the propagation of the Vine-fungus, 
&c.; and in all probability the Fungi generally may be increased 
b}' artificial division of the thallus, as wo see it practised in pro¬ 
pagating the Jlushroom, the Vinegar-plant, Ac. In the Lichens 
there is a proper structure to which the vegetative multiplication is 
confined, viz. the (/imiih'o, the green cells formed in the mcduUaiy 
layer of the thidlus, which fretpiently break out from the surface and 
become free, especially when the plants are exposed to excessive 
d.amp. In the Algnc^he vegetative multiplication exhibits very varied 
characters. In the Ooufervoids (p. dilO) we have the zoospores 
(fig. 405, C, d, and fig. 535), as also in the Phacosporcro: and the 
Mmspor^s of the Iihodosperinca?‘aud Lictyotaceo! probably have the 
same import; tyit in addition to this, the thallus is commonly 
multiplied, especially in the larger forms, by the growth of a number 
of new thalli from the si(le.s f)r the base of an old plant, and their 
subsequent separation by the decay of the parent thallus. 

In t)io .shove cn.ses we see the doiihle representation of the vegetative 
process which occurs in so marked a manner in the higher plants. Wv 
nave increase by simple and pure subdivision of ordinary vegetative 
structures, and, besides this, wo see varied modifications of the vegetative 
cells .sp(!cially organized to fit them for being thrown of!' spontnn(-“ously 
{gonidia &c.}. 

804. In the Hepatiem and Mosses the propagative structures do 
not arrive at the condition of hvds, although the parent plants 
have leafy stems. The gemma' of these Cliasscs arc merely cellular 
nodules, more or less developed in different cases, and only acquire 
leaves after they have become independent. In the Jungorman- 
niacem they arc developed on the leaves, or in place of fruits. In 
Marchantiacese they are found in cup-like receptacles, being espe¬ 
cially frequent when the plants grow in damp, shaded localities, g 
number of them (springing originally from a single cell) lying in 
the cup like eggs in a nest, 

ithe Mosses produce gemmm from all parts of their structures— 
from their leaves, stems, metamorphosed fruit-organs, and, above 
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d11 , from throad-like runners which shoot out from the base of their 
stems. When their spores germinate, they also form first a mesh 
of confervoid filaments, each joint of which often gives birth to a 
leaf-bud (fig. 544). 

805. The I'orns and allied Classes agree more closely with the 
Flowering jdants in their vegetative propagation, forming leaf-buds 
in cases where they increase in this way; hut there is a connexion 
with the Mosses &e. in the circumstance that their germnm appear 
more fre(]uently on the leaves than is the case normally in the 
Phaiierogarnia—as, for example, in AxpJeimm rhizopliyllum, where 
th(! leaves root and form buds at their tips, Cyntopteris hulhifera, in 
which bulbils appear on the petiole, &e. 

800. In the Phancrogamia the rule is, that every leaf-bud may be 
separated from the parent stock, and, if properly treated, reared into 
a new jdant; moreover, in a vast number of cases, the loaf-buds are 
naturally modified in certain details of their structure, so as to pro¬ 
tect them from external injury, and then thrown off spontaneously 
by the parimts to multiply the kind. Many of the cases of this 
phenomenon have been described in the first part of this work under 
the head of Moi’phology of Stems (§ 46 et seq.) and Puds (§ 106 et 
scq.). IVc have there spoken also of the formation of adventitious 
huds(^ 100), and cited numerous examples, strongly indicating that 
relative independence of the parts of the organization of plants 
referred to above. , 

807. Adventitious buds are formed,mostly when a plant or part 
of a plant loaded with assimilated nourishment is deprived of its 
niitui'al develoi)ing-points. Thus we sec abundant formation of adven¬ 
titious buds on healthy trunks of frees which have 'heenpollarded, 
i. e. have had their heads cut down so as to remove almost aU their 
natural buds. The abundant supply of food existing in the tnink 
stimulates the cells of the (§ 666) into extraordinary 

development, and true leaf-buds arc produced, which form vents for 
the vital energy of the plant. This power c.xists even in the roots 
of many trees, as in Madura nurantiaea, Pyrus japonica, &:c., frag¬ 
ments of which in a healthy condition may be made to produce new 
plants. 

Mention has been made of the formation of adventitious buds on 
leaves (§ 109), which has bpen observed frcqnentlj’ in ivild plants, 
and is artificially induced in many eases as a means of propaga¬ 
tion. As a rule, leaves are less prone to produce buds than stems 
or oven roots, as might be expected from the more actively changing 
state of the contents of their tissues, and the usual absence of any 
great accumulation of assimilated substance, such as is regularly met 
with at certain periods in the stem and root. 

That striking cliaractcristic of vegetables which displays itself in 
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the physiological independence of the leaf-buds, renders the vege¬ 
tative propagation of plants a most important feature in their history, 
both in a natural and, in a still higher degree, in a cultivated con¬ 
dition. 

A brief notice of .some striking phenomena illustrative of the spon- 
.^ianiiajj^ropagntion of the higher plants may be given here. 

Various herbaceous plants are multiplied by spontaneously detached 
axillary leaf-buds; of this we have familiar examples in LiHum hiilhifeniin. 
Dmtaria huthifern, and the cultivated species of Achiiiieiirs. Similar pro¬ 
pagative buds are often produced instead of flowers in the inflorescence 
of the species oi AlUtim (tlarlic &c.), both in a wild and cultivated con¬ 
dition ; and the same is the case with some other plants, such as Poh/i/o- 
nuin riviparnm &c. 

The multiplication of Mhs by “ cloves,” or axillary bulbs produced in 
the axils of the scales of the parent bulbs, has been described in a former 
chapter (§ 47); and there also have been mentioned the structures called 
tubers, formed of modified stems, which are important agents in proi)aga- 
ting the plants in which they occur. The Totato, for instance, forms 
tubers from its branche.«, the “eyes ” or buds of which may bo separated 
and made to produce each a new plant: and the .Jerusalem Artichoke, 
Dahlia, Jtc. are similar in this respect. The terrestrial Orchids, such as 
Orchis Morio ('fig. 20) &c., are not viirlttplied bi’ their tuls>rs, but only 
eonfinped from year to year, since only one new “ eye ” is formed annually. 

'.Stili more frequent,' perhaps, than tiie formation of bulbils, bulbs, or 
rubers, is the development of leafy shoots peculiarly organized for the 
purpo.se ofqiropagating the plant which bears them, commonly compre- 
nended umier the* names of offsets, stolons, runners, &c. Almost-every 
gAdation of condition occurs -hen', between the divisible rhizomes of 
such plants as the Daisy, Primrose, &c., the “runners” of the Stmwberry, 
Vallisneria, Ilydrocharis, See., the offsets of Ilouse-leeks, Htnitiotes, and 
the rosette-like stolons of EpUohia, &c., which approach to the axillary 
bulbils of Achime.nes, and connect all these forms with the subterrnnfous 
bulbs, corms, and tubers. 

808. Th'e artificial propagation of plants by divi.sion is effected by 
a variety of processes founded on the same physiological laws us 
the natural multiplication by detached brnks &c.; it also includes a 
peculiar class of operations, iii which the new plants arc not con¬ 
verted into absolutely independent stocks, but are made to assume a 
pseudo-parasitical habit upon other plants, whose roots furnish them 
with that portion of their nourishment which is derived from the soil. 

In the simple propagation, advantage is taken of the vital activity 
of the cambium-region to stimulate it to the production of roots, in 
the gardening processes of propagation by slips or ciiUinps, layers, &c. 
In the production of pseudo-parasites, as in budding and grafting, 
the woody structures of two distinct plants arc made to become in¬ 
timately blended by bringing into immediate contact,the cambium- 
structures of bothjUt points where the cellular tissue is in an active 
state of development. 



VEGETATIVE MULTIPLICATIOX. 583 

f- . . 

809. Cuttings or slips arc ordinarily ftSgmcTits of stems consisting 
of young wood, bearing one or more twa. These are planted in 
earth, and in some cases require no esp^ial care to make them pro¬ 
duce advcntition.s roots from the cambium-region, as in slips of 
WilloM'S, and many common soft-wooded plants. Mostly, however, 
it is necessary to stimulate the vegetative action by a slight degree 
of artificial heat,—in all cases, however, guarding against drought; 
so that, as a general rule, cuttings are made to “ strike ” root best in 
an atmosphere wliere the watery vapour is confined by a glass cover¬ 
ing, It is a matter of indifference whether a cutting having a 
number of “ eyes ” or buds is planted witli the head upward or with 
the summit buried in the soil, and the lower part left free. In the 
latter case, the ordinary direction of growth of all the new shoots 
becomes reversad. 

It has been stated above, tlm1 by careful management plants may be 
raised from cuttings of roots, and even from leaves (§§ lOO, 807) made 
to produce adventitious buds by artificial stimulus. 

810. Layens only differ from cuttings in the circumstance that 
the fragments to he detached are made to strike root before they are 
separated from the parent stock,—usually by bending dotvn the 
bniiiches and burying tbi'in in a portion of their course in the soil; 
au incision is usually made into the wood in the buried portion, 
which causes the more ready production of adventitious roots. Au 
analogous operation is sometimes practi.«cd, in which a shoot is caused 
to root high above ground, by surrounding onci or more of its nodes 
with a mass of eartli kept moist by wet bandage.s or other means. 

The artificial procc-ss of layi/i//, pi'acti.scd roinmoiily with Pink.o, Ver¬ 
benas, Aiwiibn, ftc.,is analogous to the natural propagation of the Straw¬ 
berry by ninners. « * 

811. In all the cases comprehended in the above remarks, the 
adventitious roots are formed most readily in the vicinitj' of buds, 
at the nodes, just as wo see thorn naturally occuriiug cbiefly in those 
situations in creeping plants, siich as the Saud-Sedgo (fig. 24), Jlint, 
many Grasses, &c.. which root at every joint that comes into contact 
with moist soil, or in the climbing Ivy, in which the adventitious 
roots forming its organs of attachment to foreign bodies are produced 
in tufts a little below the leaves. 

812. In the operations otl btiddincj and grafthuj, the parts of the 
parent plant arc not made to form roots for themselves, so as to be¬ 
come altogether independent plants„but are caused to a.s,sunie a kind 
of parasitical condition, in which they stand in the same relation to 
a strange “ stock ” as they would have held to their parent if left in 
their natural rfjbndition. The detached bud or shoot is made to con¬ 
tract an organic union with the c.ambium-region ofa foreipistem, of 
which it becomes, as it were, a,branch, deriving Its supplies of root- 
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nourislimcnt from it, and stibscquently sending; down in return elabo¬ 
rated juices to contribute to the sustenance of its foster-parent. 

It is important to note, however, that in the case of distinct plants 
thus combined, they usually exercise no appreciable influence over 
each other in regard to modifying tho morphological characters of each; 
the connexion merely affects the scion and stock in the degree of 
activity of the general physiological processes of nutrition &c. Scions 
grafted on stocks of more enduring character acepure greater vigour 
and fecundity ; but the products of the buds of the scion in the great 
majority of eases resemble in kind those of their parent, while tlic 
stock continues to grow in its own way. 

The influence of the scion on the stock, whatever it may be, is rendered 
less noticeable in practice from the fact that its buds or branches are njwava 
removed after the scion has “ taken,” in order to concentrate the sap in the 
latter: if allowed to develope, the branches of the stock formou below 
the scion mostly remain unaffected by the stranger which has settled 
above them. 

8i;i. .‘V certain amount of physiological influence of the stock 
over the scion is shown to exist l.)y such facts of horticultural ex¬ 
perience as that the fruit of the Pear is smaller and more highly 
coloured when “ worked on ” the (iuince or Medlar than when 
grafted on Pear-stocks, and is earlier when worked on tin? Moun¬ 
tain Ash.. It is not clear here whether the alteration is attributable 
to greater or leas vigour of the stocks, or to an intl»ience obstructing 
the return of elaborated sap towards (ho roots, arising out of differ¬ 
ence of texture of the wood. On the other hand, the scion ha.s 
been in a few cases observed to affect the slock. It is well known 
that tho variety of the Yellow Jasmine with variegated leaves, budded 
on a plant with hctilthy green leaves, causes the gradual appearance 
of variegation throughout the whole of the foliage of tlie plant. The 
same phenomenon has been witnessed repeatedly in the ease of varie¬ 
gated kinds of AhulUon. If a variegated scion of A. Tlwmsoni he 
placed on a green-leaved stock, the new leaves pushed out from tho 
latter become also variegated. If a green scion be placed on a stock 
of the variegated Abutilon, the new leaves of the scion become varie¬ 
gated. Further, if tlic variegated scion be removed from tho green- 
leaved stock, the latter no longer produces variegated, but only green 
leaves. A stiU more striking phenomenon is the production of a 
hybrid Laburnum, by grafting Cytims imrpurem upon the common 
Laburnum. The cases seem well authenticated, and will bo referred 
to under the head of Hybridation. 

814. Budding consists in attaching*tho bud of one tree upon the 
developing wood of another. For this purpose tho hlid is (removed 
from its parent with a slip of bark “surrounding it, hearing on its 
inside a portihn of tho cambium-tissue existing at the line of 
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junction of tho innermost region of the bark with the youngest wood 
(§ ^^^5); this is applied upon the surface of a portion of the cambium- 
layer of the stock, exposed by slitting its bark and turning it t^ick 
so as to form a kind of pocket. The slip of bark is inserted into 
this, so as to bring the cambium of bud and stock into complete con¬ 
tact, and tho bark of the stock is then carefully bound down over 
tlie wound with bandages of bast, tape, &c. The organizing force 
resident in the cells of tho cambium oi the two j)ortion8 causes them 
to grow firmly together. 

815. In Grafting, a shoot instead of a bud is attached to the 
stock; and this is commonly effected by cutting off the head of tho 
stuck (or a branch of sufficient growth) with an oblique surface, or 
with a deep notch ofteiiug more than one oblique surface; the 
bottom of the shoot or graft is pared so as to fit accurately on the 
oblique surfaces, and in this way considerable tracts of the cambium- 
lissue and young wood are brought into contact—their cells, how¬ 
ever, being partly end to end here, instead of side by side as in 
budding. Union of the growing region takes place exactly as in the 
former case. 

Grafting is usually practised with young woody structures; but 
it is also successfully applied to herbaceous plants with careful ma¬ 
nagement ; and some Grasses evbu admit of being grafted on each 
other, altliough the operation is generally confined to Dicotyledonous 
plants. 

What is termed Inurehinr/, or “ grafring by approach,” may bo compared 
to laying (§ 810); in this modification of tins process, the scion is 
brought into union with the stock by bending over or otherw'ise, without 
being detached from its own stein, and the separation is not made until 
the scion has “ taken ” on its foster-parent &c. 

81 (). It was at one time imagined that the annual layttrs of wood 
of Dicotyledonous stems grew down absolutely and mechanically from 
the buds, of which they were said to represent the roots. It was 
thought, also, that in the cases of grafts, the scions sent down woody 
structure over the old wood of the stock, so us at length to enclose 
it. From the description giVen above of the horizontal development 
of tho cambium-layer of Dicotyledons, it will be seen that such 
notions arc devoid of all ground. Merely fluid matters pass up and 
down in the cambium and hark, and tho only reciprocal influence 
of stock and scion depends on the respective activities of roots and 
foliage. • 

817. Tho success of grafting depending on tho contraction of inti¬ 
mate union between the cellular structure of the two jdants, it cannot 
bo found, suqiiising that, as a rule, it is only between nearly related 
plants that such union is possible. If tho size of the elementarj- 
organs, the rapidity or the extent of their periodical multiplication 
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and exiwnsion, <feo. are unequal, it is evident that no permanent 
coherence eah exist: a tissue growing more rapidly would tear itself 
awa}' from one less active. As a general rule, the elementaiy tissues 
agree closely in allied species, less closely in genera of the same 
Order, and are very' diverse in different Orders ; so we find that grafts 
take readily on stocks of their own species, to a considerable extent 
on stocks of allied species, and to some extent on stocks of genera 
belonging to the same Order. It docs not appear that genera of 
distinct Orders have ever been grafted with success. The parasitic 
Mistletoe, however, attaches itself by a natural graft to Oaks, Apples, 
(fee., and even to Coniferm. 

Some as yet unexplained exceptions exist to the inclination to 
union between allied genera. In some cases, also, a temporary 
union is eflected, subsequently destroyed by uneipial growth. 

Among the Itosacem we see I'ear.s grafted readily on Quinces, with more 
difliculty on Apples, and not at all on I’lnms or Cherries. , Cherries and 
the OheiTV-laurel readily unite. In the (lleaeete we have the Lilac uniting 
with the Ash, the Olive with I’hilh/rea. It i.s extensively practised also 
with diverse .species as well as varieties of lihodockudrun. The Pear may 
be grafted on the Hawthorn: but the fonuer grow.s .so much faster than 
the latter that tlie communication between tlie two Ijecomos interrupted 
in a few years at the point of junction. 

818, The practices of grttfting and budding are jtrincipally carried 
on, like propagation by slijis &e., for the multiplication of varieties, 
which are, for the most part, grafted on other varieties, or normal 
specimens of their own species, those being far more healthy and 
permanent than those grafted on allied siiocies. The multiplication 
of esteemed varieties of Hoses, fruit-trees, &c. is chiefly effected by 
this means, the object being to produce specimens promising in¬ 
creased hiydincss Ac., or to obtain size aud fertility earlier than 
could occur in a plant raised from a small cutting. 

The Peach is worked on the Plum in llritnin, bt^cause the latter is a 
native of this climate and is stimulated to growth in spring by a lower 
temperature than the Peach (from Persia); it does not succeed well here 
on Almond-stocks. The Pear .seems to succeed better on Quince than on 
Pear-stocks in loamy soils; and other instances are well known to 
gardeners. 

In addition to tJiesc circumstances. Pears, Apples, and other plants 
which may be easily grafted do not readilv root from cuttings; more¬ 
over esteemed varieties of Kose &c. are quickly multiplied as “standards ” 
&c. by budding them on briar-stocks Already of several years’ growth; 
and, in the case of new seedlings of froit-trees, hiids' inserted on full- 
grown stocks are brought to flower and fruit in a few years, while, if left 
to grow up into trees alone, twenty years or more migljt elapse before 
they bore a crop. 

Certtun phenomena of grafting which are observed in practice cannot 
be fully explained by our present knowledge, but doubtless depend on 
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eiiiuses similar to those just adverted to ; among these are the facts that the 
Oi'ango succeeds better on a Lemon stock than on one of ita own species, 
while the Apricot does better on its own species than on the Plum, &c. 

The iulluence of the physiological conditions of the stock upon the 
scion is turned to account iy gardeners in producing a dworfer “habit ” 
and an earlier and more profuse production of fruit. Thus Apples grafted 
on the low-growing “ Paradise stuck ” assume the dwarf habit of the stock 
and become more prolific. So Pears on the Quince-stock not only are 
dwarfed in size but produce fruit much more abundantly than when 
grown on their own roots or grafted on another kind of P^ar. Gardeners 
often pnictiso “ ennobling ” fruit-trees, where buds and grafts are attached 
u])on stocks of good varieties of the plant in preference to wild stocks. 
'I'liu.-. Apples are said to be much superior when,grafted on stocks of good 
variet ies m-stCad of on Crabs &c,; and a kind of “ cro.ssing ” of the qualities 
of varieties has been attempted on this principle, grafting kinds which 
bear sickly-flavoured Apples upon .stoclts of rougher variette.s. Jargonelle 
and “ mellow” Pears upon later, gritty varieties, &c. “Double grafting” 
i.s done when it is desired to secure a particular kind of fruit which will 
not unite or graft with the ordinary stock ; thus a Pear may be grafted 
on a (iuince-stock, and on the scion may be grafted another Pear, which 
will not unite directly with the Quince. Further details on the subject 
of grafting, a most important and interu-sting one, must be sought in hor¬ 
ticultural works. 


Sect. 2 , Sexual Rki’koduction, 

Preliminary Observations. 

810. In almost all plants the greater part of the active existence 
is jtassecl in the development of vegetative organs, increasing the 
bulk of the individual, or occasionally also accompanied by multipli- 
tcition of the plant by mere subdivision into parts. But at certain 
epoch.s another tendency manifests itself: the energies of the plant 
becumo concentrated in the formution of what are called rcyroductive 
organs, for the purpose of producing and m.aturing those independent 
germs of new individuals of the species, culled sj^tores andfecefs. 

'J’lie formation of reproductive structures hears a very interesting rela¬ 
tion to the vegetative development. Generally spewing, the repro¬ 
ductive organs are only formed when the vegetative structures have 
become healthily developed so as to accumulate a certain amount of assi¬ 
milated matter in the substance * of the plant; we observe that many 
garden plants grown in unfavourable soil in shady localities &c. will not 
flower; and the number of yeais that elapse before the flowering of such 
plants as the Agave, Talipiit Palm, &c. varies with the more or less 
favourable climate and soil; moreover ju ordinary cases the flowering 
takes place at the close of the season of growth (e.\cept where the flowers 
emerge from buds provided for by the previous year’s vegetation, as in 
Apples &c., in bjennial and many perennial herbs). This indicates that 
vigour of the vegetative organs is % necessary condition of reproduction. 

Further, reprMuction is an exhausting process: it kills annuals; and 
excessive fruiting exhausts perennial plants. 
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At tho sftme time the reproductive tendency and tlie vegetative ten¬ 
dency appear contrasted and opposed to each other; fop reproduction is 
often retarded and replaced hy rapid development of vegetative struc¬ 
tures -when plants are placed in too favourable a soil, especially when too 
freely supplied with water; and rankly growing plants are frequently 
made to flower by gardeners by cutting the roots, confining them in 
small pots, or limiting the supply of water. 

820. The reproductive bodies produced by plants are either de¬ 
veloped at certain epochs from structures originally belonging to tlie 
vegetaf^ve system, or they are formed in .special organs. In the 
lower Algai we And tho colls, as those of the filaments of (Edojon!nm 
(fig. 535), or Spiroijyra (fig. 4f)5, a), originally true vegetative cells, 
and at a certain stage of growth resolved into reproductive cells ami 
prodneing spores from their green contents. As we rise in tho scale, 
among tho Thallophytes, we soon find s])ocial cells (PeiuciUitnti Ac., 
fig. 4(38), or groups of colls, exclusively vegetative or exclusively 
reproductive. In the higher Cryidogamia, assemblages of organs 
of various kinds are formed npon tlie stems, in which aro ultimately 
ripened the spores of this group ; while in tho highest Class, tho 
Phaneroganiia, tve meet with flowers containing stamens and jiistils, 
ultimately producing true seeds in fruits >vhicli are totally scjiaratcd 
in almost every case from the vegetative structures, 

T^le^^o^es of the higher Cryptogamia {Ferns, Mosstis, &c.) cannot ho 
I propwly compared to the seeds of tho Flowering pbmts (that is, mor¬ 
phologically), since they result from a series of physiological proi'esses 
different in many respects, as will presently be shown. AVitli regard to 
the spores of the'Thallophytes, our knowledge is too imperfect at present 
to enable us to decide uptm all the homologies; the pronable relatious of 
the different kinds of structure will be incidentally spoken of in tho next 
Section. 

821. It, is probable that representatives of two sexes, male and 
female, exist in all plants, .and those conjoin to form tlie rudi¬ 
ments of the new individuals of all Cryptogamia, its they do in tho 
formation of the embryo in iho .seed of Flowering plants. But in the 
ThaUopiiytes the male and fctiiale organs arc often reducial to simple 
cells, “gpcrm-cell” and “ genu-cell; ” tlicso being associated, often 
in the wmo plants, with “gonidial” cells (Alg.^), Fungi) for vege¬ 
tative propagation, tho exact‘particulars and homologies aro still 
obscure in many families. 

The history of reproeftetion of plants has been greatly studied and 
much enlarged in late yeans ; in.'>iiy important discoveries have lioeii made 
in all Classes; and the course of the processes in Phaneroganiia and the 
Lea^ Cryptogamia is now pretty well known. Much still remains to 
be discovered in reference to the Thallophytes, especially the Lichens find 
Funjn; but in the Algie the processes oi fertilization of gemi-cells hy 
spermatic corpuscles have been observed wore clearly and decisively than 
in any other plants. 
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Sect. 3. EEPEODircrroN op TiiAEEopnrrES. 

Futuji and Lichens. 

822. Tho various forms of reproductive organs mot with in Fungi 
have already been described at p. 445. Most of them seem to bo of 
tho nature of buds ; or if truly sexual, their operation has not yet been 
ascertained. The so-called antheridia and tho spermatia have not 
boon proved to bo sexual organs. The phenomenon of conjugation 
in 8icy(jite^ and'the process of fertilization in Saprolegniem, whore a 
geuuiiie process of impregnation takes place, have been described at 
]i. 410. Similar phenomena have been described in Peronospora 
and Cystopus. In these plants there are female branches dilated at 
tho end into a largo globule or oogono, and male brauches terminated 
by an ovoid extremity, flattened at one side and applied to the oogone. 
Tiiis anthcridium emits a slender tube which pierces tho walls of t.he 
oogone and reaches the central mass of protoplasm in the interior; 
and the latter, as a result of tho contact, becomes invested with a 
cell-wall and forms a spore called an oospore. 

The little that is known of the reproductive process in Lichens is 
alluded to at p. 442. 

Alya‘. 

82.3. This group takes a far more prominent place in the present 
Section, from the fact that organs to which a sexual function may be 
attributed have not only been obseiwcd in almost all its members, 
but the process of fertih'Eatiou of tho germ, the impregnation of tho 
corpuscle produced by the temalc, has been directly observeci in 
several of the Orders, namely llhodospermcte, Fucaccm Confervoidcse, 
Diatomacea) and Volvociueae. 

824. The Oscillatoriaccie (p. 439) are at present only^nown to 
increase by division—that is, vegetatively ; the riimosjxiroaj (§ 548), 
again, are only known to propagate by liberation of zoospores 
from special cells of tho thallus. The Dietyotacea! and the^j^odo- 
spcrmeoc produce a peculiar kind of vegetative offset eaUod m-Mra- 
spnre (§ 540), a body formed mostly in special localities or in groups, 
and consisting of a parent coil divided into four chambers, tho con¬ 
tents of which, when sot free from the parent plant, grow up at once 
into a new thallus. Besides tho tetrasporos, they have spores and 
antheridia. Tho antheridia produce minute, ultimately free vesicles, 
spermaiozotds or anfherozoids, accor<fi[ng to Tbiurct devoid of cilia 
and motioidcss ; Derbiis, however, asserts that he has observed them 
nyving like undoubted spermatozoids. Tho antheridia are generally 
found in distinct plants from tho spores, and the tetraspores in a third 
series of forms of tho same species. 

2 D 
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825. Where the sexuality of the Algse has been ascertained, wc 
meet with the process of fecundation under three different forms, and 
these forms in subordinate modifications. The three forms of the 
process are:— Conjugation, or complete union of a sperm-ceU and a 
germ-cell, originally undistinguishable from each other by visible 
structure, occurring in Diatomaceo) and some Confervoideae; Fecun¬ 
dation of naked germ-corpuscles by ciliated spermatozoids, which in 
the Confervoidete occurs within the parent cell of the spore, and in 
Fucaceee after both the germ-corpuscle and the spermatozoids have 
been cast off by the parent; and Fecundation of naked germ-cells by 
motionless ovoid or globular spermatozoids through themedium of a spe¬ 
cial tube or tricJiogyne, as in lijiodospermeai. The importance of these 
phenomena to the whole theory of reproduction in plants renders it 
necessary to give a particular account of the proeesses as occurring 
in certain well-ascertained cases. 

82f). In Diatomacece (including the Diatomece and Desmidiece), the 
ordinarymode of multiplication of the plants is vegetative propagation, 
by division, resulting either in the formation of connected “ families ” 
of cells (fig. 402, c) or of an increased number of separate cells, 
or by the extrusion of zoospores, which are developed into new cells 
or cell-families (fig. 402, b, a). This kind of propagation goes on 
actively for a time under favourable circumstances; and the mere 
“ division,” at least, may be compared to the vegetative development 
of more’complcjy plants. 

' But at certain epochs this mode of increase is exchanged for another 
kind, in which we have cooperation of two originally distinct cells to 
prqduce the new one, indicating that it is a phenomenon of sexual 
reproduction, while at the same time there is no external evidence of 
difference in the concurrent, cells. The genus Closterium (fig. 402, 
B, c) is multiplied vegetatively by division, orfissiparous propagation ; 
at certain stages of existence, however, the cells which appear as if 
about to divide approach in pairs, and, a fracture of the external 
ceU-membrane having taken plaee at the usual line of division, the 
contents of each cell, bounded by a primordial utricle, escape, come 
into contact with each other, and become confluent into a mass which 
assumes a rounded form (fig.' 4G2, n, d). This round body becomes 
coated by a cellulose coat, and ultimately by a second, more internal. 
Its contents efiange from a green tq a brown or yellowish colour; 
and the globular cell remains after the two empty parent cells have 
decayed. This globular body, which passes through a stage of rest 
before germinating, is sometimes called a sporange, not a simple 
spore, since its contents appear to become segmented and divide into 
a number of independent germs when the structure recomme^cs 
active development. 

An analogous conjugation of two cells takes place throughout the 



KEPRODTrCTION OP THALLOPHTTES. 


591 


Desmidiem, and it has also been observed in many Diatomece ; in all 
cases tho product is a resting sporangial cell or frustule, i. e. a cell 
possessing more than one firm coat, which produces two or more 
germs when about to throw off these coats to develope into a new plant 
of the form of tho parent. 

Conjugation exhibits many minor variations in the groups of Desmidiea 
and Diatomece j but it is necessary to restrict ourselves here to a general 
accotmt of tho process. 

827. In Spirogijra (fig. 465, A, a), ZijcjiMma, and one or two other 
genera of flLanientous Conforvoids ordinary growth by cell-division 
is exchanged for a j)rocos.s of conjug.ation at certain epochs. Two 
filaments, lying side by side (fig. 465, a, h), exhibit papillary 
elevations of the ccU-walls on the sides next their neighbours; 
those processes elongate until they come into contact; they then 
adhere, and the septum formed at tho |jlune of union becomes 
absorbed, so that tho two cells become connected by a tubular pro¬ 
cess, a kind of isthmus. The contents of the colls meanwhile retract 
themselves from tho wall, lose their spiral appearance, and become 
condensed into a mass ; then, in some cases, the whole contents of 
one cell travel through tho isthmus into the opposite cell (c); in 
others, tho contents of both puss into the isthmus, which expands 
into a globular cavity in the middle. Jn either case the contents 
of the two colls become combined, and they form a globular or oval 
spore, which produces two or three firm coats, enters a stage of rest, 
find remains after tho parent filaments have decayed away (fig. 465, 
A, d). After a time, usually in tho spring succeeding the formation 
of the spore, this germinates, bursting its coats and sprouting out 
into a new filament like the parent (fig. 405, a, e). 

'I bis conjugation of Spiro(/yra and its allies has long been known, and 
w as without a parallel for many years; as stated above, ar^ analogous 
process occure in Diatomece and Desmidieee, and it is esaen^glly related to 
the processes of fecundation by sprennatozoids next to be described. 

828. Tho history of the fertilization in CEdoyonium is one of tho 
most curious points in the whole range of vegetable physiology, es¬ 
pecially so as regards tho male organs, which undergo a complex 
course of development as follows. On the same plant that produces 
the female spore, or in some species on another individual, are formed 
special cells called “ microgoyidia ” or “ androspores.” The office of 
these cells is to produce ultimately antheridia, in which latter sperma- 
tozoids arc formed. The androsporcs^o formed in the ordinary cells 
of the plant, and eseapie from them by rupture of the walls of the 
parent cell as an ordinary zoospore would do, and like it they swim 
about in the WAter for a time; but while an ordinary zoospore after 
a time germinates and forms a new tballus, the androspores attach 
themselves to tho sides of the female spore or sporangium. 

2 n 2 
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Fig. *)S9. 




In this situation they grow into a sort of prothallus; the lower 
part becomes dilated or pear-shaped, while 
the upper extremity developes one or two 
small cells one over the other. These are the 
antheridia; and in each of them is formed a 
spermatozoid, the fecundating body. These 
latter, when mature, are ciliated and butt 
against the top of the antheridium, and at 
length cause its detachment in the shape of 
a little lid. In this maimer they escape from 
the antheridium, move about for a time in the 
water by means of their cilia, and idtimately 
pass into the female spore through an opening 
previously specially prepared for its pass.ige 
in the summit of the fondle spoiv. Here the 
spermatozoid comes into contact with a (pi.an- 
tity of colourless granular mucilage formed 
in that situation i)ri(W to fecundation, the 
distention consequent on which seems to ac¬ 
count for the formation of the aperture 
through which the fecundating body p.asscs. 

The spermatozoid touches the mfieilagc, or 
even penetrates it to some extont,and becomes 
blended with it .and thus fertilizes the spore, 
which subsequently becomes invested by a 
cell-wall in the ordinary way. 

829. Vauckeria is a genus of filanioiitous 
Confervoid Algoe, in which the long branched 
filament consists of a single enormously de¬ 
veloped cpll. This plant is commonly pro¬ 
pagated by s peculiar kind of zoo.spore dis¬ 
charged from the thickened end of the fila¬ 
ment or of its branches. But at certain epochs 
lateral structures are developed at the sides 
of the filaments, as branch colls, which be¬ 
come shut off from the main tube by septa; 
some of these processes expand into ovate and 
beaked or bird’Srhead-shaped bodies,,others 
into short curled filaments or “ horns.” The 
former are sporaw/es, the latj'.er anthenilia. 

When ripe, the antheridia or “ horns ” dis¬ 
charge their cell-contents in the form of 
numerous spindle-shaped corpuscles, moving 
actively by the help of a pair of cilia. Meanwhile an orifice is 
formed in the beak of the sporange, and some of the spermatozoids 


(Edogonium ciliaiton: A. ordi- 
nftry ecllft, in «*ai;h of which 
a zoospore (K) is formed; 
C, C, sporantrift; B, an- 
drospores, one bonring nt a 
nn antheridium, the lid of 
which is detached; D, ex- 
tremi1(K of the plant. 
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make their way in, so as to come into direct contact with the cell- 
contents. This phenomenon is followed by the closing-up of the 


Fig. 540. 



Tuveheria : A, A, Bpermatozoida; B, C, horn-like antheridium; D, D', sporanges; 

£, spore. 

sporango by a membrane, and the conversion of its contents into a 
fertile resting-Kpore. 

830. Sphmroplea is another genus of filamentous Confervoids, 
composed of rows of cylindrical cells, in which fertilization of the 
resting-spores by sperrnatozoids has been directly observed (Cohn). 
In some of its cells the contents are converted into a number of 
globular bodies, in others the contents are developed into numerous 
sperrnatozoids. When mature, orifices are formed iy walls of the cells 
of both kinds; the spe^rmatozoids escape from their parent cell, and 
make their way in through the orifices of the parent cells of the 
spores; the latter when fertilized produce their cellulose coat, and 
ripen to resting-spores, which are set free by the decay of the parent 
filaments. 

Analogous phenomena have been recently observed in v|rious other 
filamentous Confervoids, as in Qidogmmm, Btdbocluete] and Cohn has 
lately described a similar process in Volmx. 

831. The mode of fertilization in the Floride® (§ 546) or E.ed Sea¬ 
weeds, has been well made out by MM. Thuret and Bomot, who thus 
describe the process in Hehninthom. A small ccU, originating on 
the side of one of the dichotomous filaments of which the frond is 
composed, elongates, divides transversely, and becomes a short 
hranchlet made up of four superposed cells, of which the uppermost 
alone continues to develope. Shortly there may he seen projecting 
from the summit of this uppermost division a little protuberance, 
which gradually lengthens into a long hyaline hair, often dilated at 
the extremity, This is the trichogyne or essential organ of fertili¬ 
zation. Whet the spermatozoids (here globular and motionless) come 
into contact with the upper-part of this hair they adhere to it. Then 
the cell which forms ^e base of the trichogyne swells and divides 
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into segments, <and is soon transformed into a smaE ceEular mass, 
■which graduaEy forms the young “ cystocarp ” or mass of spores. 
The trichogj-ne graduaEy disappears. In Callithamnion the aggre¬ 
gations of spores caEed fai’ella’ (■§ .'54(5) are formed from the side, 
not at the base, of the trichogyne, in consequence of fecundation hy 
the autherozoid. Here, then, ■wd have motionless anthcrozoids 
formed in the antheridiiim of one plant, escaping and coming into 
contact -with the free end or style-like process of another plant; and 
as a result of this contact, the cell at the base divides and subdivides 


into a mass of spores. 

832. The observations made by Thurct on Fucacem are very de¬ 
cisive. In this Order, the eonceptacles (§ 547) produce in their in¬ 
terior bodies of two kinds, nntherklia ffig. 404, c) and uporn-sncs (fig. 
4G4, (*), either together or in separate cnnceptaelos (moncecious), or in 
separate plants. The antheridia discharge 2-ciliated spermatozoi'U 


(fig. 464, d), -which are poured out 
through the pores of the tvcepfctrics 
(fig. 464, a) into the surrouuding 
water. At the same time the 
spore-sac (fig. 464, e) biinsts and 
emits an inner sac (fig. 541, a), in 
which may be observed 2, 4, or 
8 («) sphcricalcorpusclos,destitute 
of a cellulose mendiranc; this inner 
sac breaking loose, bursts and di.s- 
charges its corpuscles, which, like 
the spermatozoids, pass tlirotigh the 
pores of the receptacle into the 
water. Here they become sur¬ 
rounded by a cloud of spermato¬ 
zoids (fig. 541, h) which attach 


Fig. 541. 



themselves to the surface, and bY.l>i'Trfnpmciitnii(ifirt.ii«(vtionofsporci<of/yci(« 

, . I'nnfT H}>orF-fiacbHi*atin^ from 

tnGir Clilfiry TQOVGmeilt cause tiVO t,ht*o«t<^rsacATidRbonttoliberat<»the>i>or<'e; 
fiTtViPrp^J tn TPvnlvo Tn tlii> pnn'i*HA sport* (<l<*void of colJulfjs** eont) siir* 

epncrcs lO revoive. jn ino course roundKl by pponnatozoids ; r, 
of a few minutes, usually, U cel- epon* witb'a Ctdlulosc oorit; tl, tho saiiu; ger- 
lulose membrane is formed upon «»(!"•"»diametem 

tho surface of the globular corpuscle (by secretion from its pri¬ 
mordial utricle?), and it becomes a c<?E (fig. 541, c), which sub¬ 


sequently germinates, growing by cell-division (fig. 541, d) into a 


new frond. 


These observations upon tho fertilization of the germinal coipuscles of 
the Algffl are of extreme interest, both as offering exaraple% of the process 
of sexual conjunction of the simplest kind in plants, and as affording, like 
the development of zoospore.s (§ 608), beautiful illustrotions of the theory 
of free-ceU formation (§ 007) by tho production of a cellulose coat around 
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a naked primordial utricle after it has been completely separated from the 
parent,—a phenomenon never met with in the higher plants, where this 
Iciiid of cell-formation can only he observed in the interior of the parent 
structures, as in the embryo-sac of the Phanerogamia. 

833. In the conjugating Algae we observe the new eeU to he 
produeed by the complete union of the entire contents of the spore- 
cell and germ-cell, which are undistinguishablo from eaeh other. In 
the other kinds cited, the eonteiits of the germ-eeU become converted 
into one or more globular corpuscles, rudimentary spores; while the 
eontents of the sperm-cells are developed into numerous minute eor- 
puscles, usually of a spindle-shape (not spiral), moving actively by a 
pair (?) of cilia. The corpuscles of the germ-cells acquire a cellulose 
coat and become ccUs; the spermatic corpuscles disappear after they 
come into contact with the nascent spores, cither dissolving or becom¬ 
ing absorbed into the substance of the latter. 


Sect. 4. Repkoduciton of AnGiospoRJi, OK Leafy Cry'ptogamia. 

834. The reproduction of the Orders included in this division pre¬ 
sents but one common charactej, namely the representation of the 
sporm-cell by antheridial cells, whose contents arc discharged in the 
fonn of spirally coiled filaments moving actively in the water by 
means of two or more ciliary appendages. In th^ majority of the 
Orders the female organ occurs in a form somewhat analogous to 
the ovule of Phanerogamia, called the archegommn (or pistiUidinm), 
which gives rise, however, to very different products in the different 
groups. In the Characeae there is no distinct arohogonium, the spore 
being directly fertilized and grooving up into a new plant; yet as 
this spore presents the external characters of an archegmiium, and 
the antheridia are spiral, the Order is clearly referable to the present 
division. 

In the Gymnosporm the fertilization of the germ-corpuscle is followed 
by its conversion into a spore (Spirogyra, Vaucherid), or into a cell which 
may be called a sporangial cell on account of its contents undergoing diri- 
sion into a number of now germs when it begins to grow (Closterimn, JBul- 
hochcete, cfcc.). In the Angiosporce (excepting Characese) the relations 
of the spores to the proper sfxual structures are more distant and very 
diverse, the course of development being much more complicated. 


Characece. 

835. The jeproductive organs of this Family are very distinctly 
characterized, and borne in a conspicuous external position. The two 
kinds, male and female, called respectively the globule and the nucule, 
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occur either together on the same branch of the plant, on distinct 
branches, or on separate plants. 

836. The globule, or antheridiim, is a spherical case composed of 
eight (triangular) segmental pieces, each of which is formed of a 
number of cells radiating from a central one; all these have red 
or orange contents, imparting a colour to the globule as seen in 
its natural condition. From the central cell of each valve projects 
inward an oblong cell; these eight cells meet in the centre together 
with the apex of a flask-shaped cell which enters the globule at its 
base, forming the pedicle by which it is attached to the branch. 
"Where these nine cells meet in the centre is found a little cellular 
mass, from which arise a number of slender jointed filaments. When 
the globule is mature, its valves separate, and each carries away its 
central cell bearing a tuft of the jointed filaments. The cells form¬ 
ing the joints of these filaments are then seen each to contain a 
minute spirally coiled thread, which makes its way out and appears 
as a 2-ciUated actively moving spermatozoid, resembling those of the 
Mosses, 

837. The nucule is a somewhat anomalous organ, presenting at 
first the characters of an archogonium, and afterwards those of a spore. 
It ccgisists essentially of a large oval cell surrounded by a double 
coat and, outside this, by five spirally coiled and intimately connected 
cortical laments. The five spiral cells terminate at the summit in 
five (or ten) teeth,; and it appears that these teeth separate from each 
other at a certain epoch, leaving a free passage down the centre, to 
the wall of the central cell. In this state we may compare the 
structure to an arcliegonium, or to an ovule of Phanerogamia. It is 
supposed that spermatozoids from the globule pass into the canal be¬ 
tween the crown of teeth of the nucule and cause it to become fertile. 
The produqjt, however, of the fertilized central ceU is not a free embryo 
or a spore, but it becomes itself the first cell of the new plant, like a 
spore. After fertilization the nucule drops off from the parent, passes 
through a stage of rest, and in the following season germinates like 
a seed or spore and grows up at once into a new plant. Pringsheim, 
however, states that the spore developes a true prothaUus like that 
of the Mosses. 

In favour of the supposition that the young nucules are impregnated 
while the apical crown of teeth is open,“ we have two circumstances, 
namely:—that the spermatozoids are discharged tirom the globules at the 
same period; and, secondly, that when the nucules are ripened in autumn, 
they germinate in the following spring, at an epoch when no spermatozoids 
are in existence. 
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Axogamia, 

838. Under this title we in¬ 
clude theLivorworts an dMosses, 
on account of their sexual or¬ 
gans, essentially similar inland 
andmodo of development, being 
in all oases developed upon the 
axis of the perfect leafy plant. 

Both Liverworts and Mosses 
produce antheridia and arehe- 
yvnia, either on the same plant 
nr on distinct individuals. There 
arc minor differences of struc¬ 
ture in the different groups of 
these Orders, some of which 
may ho briefly described. 

839. 

Ilcpaticoo (and with these agree 
the same organs of Sphagnacem) 
arc elliptical or globular sacs 
(fig. 542, c) formed of a single 
layer of cells; they are found 
imbedded in the ^nlloid stem of 
Jlicci((,PelHa, &c., or in the sub¬ 
stance of the (male) receptacles 
of Marcliantia (p. 425), or on 
stalks arising from the frondose 
stem, in Fossomhronia, and in 
the axils of the leaves in the foli- 
nceous kinds of Jungermannieoe 
(fig. 542, (i). The interior of the 
sacis filledwith minvrto rovuidish 
cells, at first coherent, hut ulti¬ 
mately free. These (the sperm- 
cells) escape by the rupture of 
the sac of the antJieridium, and 
each of them emits a 2-ciliated 
spiral spermatozoid (fig.542,e^. 

840. In the Mosses the an¬ 
theridia are ,)arger and more 
elongated and cylindrical sacs, 
not stalked (fig. 543, 6); they 
arc found in the axils of leaves, 
sometimes scattered, but more 
frequently collected in axillary 


Fig. 642. 



- a 7 „ ‘j* ^i? Antheridiii and arnheffonia &o. of Hepalicae: a, 

1 il6 01 trie vertical aeotion of tne infloresvfinoe of Radula 

roinplnnota, with young (axillary') anthoridia and 
(t«rnuri!jl) ar<-liogonia, magn. 60 diam.; &, vertical 
section of an arcKegonium, with gerra-<5orpusole, 
of JtengertnanMa divaricata, magn. 250 diam., 
c, immature antheridium of Hadula v-omplanata 
(vert, section), magn. 260 diam.; rf, Spermato- 
%)id: r,immature fruit, with surrounding efllgone 
«nd two abortive orohegunia if 9) of Jtadula ' 
flanata (vert, section), magn. 100 diam. 
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Antheridium, arohegonium, &c. of Mosses: a, ver¬ 
tical Bgction of arwiegonium with germ-cell from 
JPhascuin cu^ipidafvin, magn. 100 diam. j 6, anthe¬ 
ridium of Pi^ytrichuin eommune^ bursting to dig- 
chargo spermatozoids, m^n. 36 diam.; c, sperm- 
ccU and spermatozoid oi the same, magn. 200 
diam.; d, spermatozoids of the same, magn. 400. 
diam. ; e, immature fruit of PhoiGuni btyoidti 
(vertical section), c, calyptra, r, vaginule, j 
40 diam. 
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or terminal bud-like structures (infloreacenre), either with the arehe- 
gonia, or in a moncecious or direcious condition. The antheridial 
sacs are filled with a tissue, which is ultimately resolved into sperm- 
cells, which arc discharged by the bursting of the sac (fig. 543, h); 
and when these escape (fig. 543, c) they in their turn emit an active, 
spirally twisted, 2-ciliated sjiennatozoul (d). 

The antkeridia and spermatnzouh of Itlo-sses may be readilv observed in 
Polytriclmm c»mmu/>c, the male plants of which form their “ flowers ” 
{stelluUe masculincc) abundantly on every heath in spring. 

841. The arclieponia are very much alike in Hcpalicaj and Musci, 
being flask-shaped ccUular cases, with a long neck (fig. 542, a, h ; 
fig. 543, a), found generally several together, commonly at the ends 
of shoots, surrounded by modified leaves, which receive special names 
(pp. 421, 423), forming a kind of perianth. In Anthoceros the arche- 
gonium is formed in the substance of the thalloid stem. Wlien 
mature, the archegonia exhibit in their basal cavity a. ejerm-corpxiscU 
(fig. 542, h ; fig. 543, a), which in all probability is fertilized by the 
passage of spermatozoids down the canal of the neck of the flask- 
shaped bod^. In any case this corpuscle is converted into a cell in 
one of the archegonia of a flower, the rest remaining barren (fig, 
542, p, p). 

Ilofmeister has observed spermatozoida actually within the canal of the 
archeffonium, in Funaria hygroriutrien. M. Lortet h^ not only assured 
himself that th^se active spiral corpuscles descend by the neck of the 
archegone until they reach the central cell, but ho states that ho has 
witne.ssed the mannor in which the latter is fertilized by the moving 
spirals. Fecundation is effected by the contact of a certain little vesicle 
which the spermatozoids caiTV at the side of their swollen extremity, 
which vesicle contains some six or eight am}’laceous corpu-scles, and 
increases very much in size at the moment the process is accom¬ 
plished. M. Lortet has ftmeated, in the vegetable kingdom, the experi¬ 
ment formerly made by MM. Dumas and PnH'ost with certain animals, 
lie submitted the fertilizing liquid of the Preissia commutata, containing 
the antherozoids, to filtration, and found that the thick juice which 
passed through the filter was incapable of rendering the plant fniitful, 
whilst the matters retained by the filter, which swarmed with sperma¬ 
tozoids, rendered all the archegones fertile; this was proved by applying 
the contents of the filter, by means of a soft brush, over the lemalo 
organs. M. Lortet has, moreover, remarked that the cilia of the sperma¬ 
tozoids ierminate, like the antennmof several insects, in a little expansion 
or swelling. • * 

842. WJien the germinal peU is fertilized, it begins to grow by 

cell-division, and forms a ceUnlar body t^ hich causes the expansion of 
the original wall of the arehegonium (fig. 542, e). After a time, this 
wall gives way, in the Mosses by a circumscissile dehiscence, so that 
the upper part is carried upwards (fig. 543, e, c), afterwards becoming 
the (p. 421), while the lower part (fig. 543, e,v) remains as 
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the variinule (fig. 4.59, c). In the Hepaticae the sac of the arehegonium 
is usually ruptured iu the upper part, and there is no cup-shaped 
calyptra formed, the sac becoming ultimately the envelope, corre¬ 
sponding to the vaginule of Mosses, here often called the epigone 
(p. 424, fig. 4G0, B, a). 

The central cellular body (fig. 542, e) undergoes very remarkable 
changes: by degrees it exhibits different strata and regions, and in 
the most perfect forms of this Class ultimately rises out on a stalk¬ 
like process from the vaginule (fig. 543, v), and becomes a sporan¬ 
gium or capsule, flUed with spores (pp. 420-425). 

The mode of development of the spores, which are simple cells with a 
double coat, or a proper cell-membrane covered by a distinct mticular 
(§ 038) layer, is briefly as follows:—^In the cellular rudiment of the cap- 
.sulc, concentric layers of the parenchyma become differently metamor¬ 
phosed: the outer layers form the walls of the capsule and the sporanginl 
membrane below, continuous with peridome (p. 421) above; the'cen- 
tral mass (hi Mosses) is developed into the columella; the intermediate 


Fig. 644. 



Germination of the spores of a Mos* (Funnria hs/grometrimj: e, spore sprouting; a, more 
advanoed, and the first ooU divided; o and i>, nascent leaf-buds on the oonfervoid proto- 
nemfts Magn. 200 diani. 

• 

layers, which produce the spores, after multiplying to a certain extent, 
form free cells from the whole contents of each cell; the walls of the ori¬ 
ginal or parent cells dissolve, and a cavity is formed, in which the free cells 
(parent cells of the spores).lie loose. These cells become divided into 
four chambers by septa; and each of these chambers (special parent cells of 
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the spores) produces a single free cell from its wljole contents. The last- 
form^ cells, set free by the solution of their mother cells, are the spore- 
cells, which when ripe are found coated with_ a cuticular layer, often more 
or less marked with points or reticulations, like pollen-grains. 

In the subsequent^ history, another kind of propagation takes place. 
When the spores germinate, they produce a confervoid structure (p>-o- 
toneina, fig. 644), from diflerent cem of which ’are produced a number of 
buds (a, b), each of which grows up into a new leafy stem, forming a 
tufted group of plants, which after a time fructify again by aniheridia and 
archegonia. 

ThaMogamia, 

843. In this group 'of Flowerless plants wo meet with a curious 
displacement of the reproductive structures, which do not occur in 
immediate connexion with the morphologically perfect plant, but on 
a temporary structure produced by and cast off by the leafy stem. 

Ferns and Equisetaccae, unlike as they are in their complete forms, 
agree so closely in their sexual reproduction, that, like the Liver¬ 
worts and Mosses, they may be described together. Both these 
groups are characterized by producing but one kind of spore, deve¬ 
loped in sporangesy more or less intimately connected with the 
foifaceous structure (pp. 414, 417). When those spores are sown, 
they germinate by emitting a tubular process (fig. 545, a), which by 
cell-division (h) enlarges into a small, green, leaf-like plate, some¬ 
what likerihe frond of a Liverwort, called tho prothallium (e). This 
is capable of sup'porting itself, having filamentous rootlets; and if 
the changes next to be described do not immediately take place, this 
prothallium often propagates vegetatively, new prothalUa budding 
out from its base. 

When completely formed (c), this structure exhibits on its under 
surface cellular papillary bodies of two kinds, which are the an- 
theridia and archegonia : the former are scattered over the whole 
surface; the latter, less numerous, are chiefly found in the thickened 
central region, from which the rootlets arise, especially between this 
and the anterior notch. 

844. The aniheridia are structures composed of one eeU (or two 
superposed), developed from the lower free faCo of one of the cells 
of the prothallium (fig. 545, e, /). In the interior a second cell is 
formed, the contents of which become segmented and developed into 
a number4rof minute vesicles, tho sperm^eells. When ripe, tho top 
of the antheridial cell faUs off like a lid and the sperra-ceUs escape 
(il); each of these emits a sperrtiatozoid {i, Jc), differing in form from 
that of the Mosses and Liverworts, and having numerous cilia. The 
spermetozoids are, moreover, provided with a mucilagmous vesicle, 
which is supposed to be of consequence in the process oi fertilization. 

845. Tho archegonia are developed on the samejprothadlium as the 
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antlieridia in many Ferns; the Horso-tails appear to be dioecious, 
arehegonm having been detected only on distinct prothallia. The 
external structure is a papilla formed of four collateral tiers of cells, 
with a canal running down the central interccUukir passage (fig. 545, 
Z, m, )i, o). The papilla projects from the lower surface of the pro¬ 
thallium ; and when mature its canal has an open mouth (n). The 


Fig. oio. 



Ppprodnftion of Fents; a, spore germinating; h, more advanced (magn. 60 diam.); e, foil- 
grown prothallium, with nrchegonia (lower surface); o/, vcrtioal section of the central 
r<*gioiiof a prothallimn, passing through an arehegonium and two antheridia; e, two 
nntheridia (side view); nnthefidia seen from above; g, anthoridium burst (side view); 
h, Rperm-ecll from antneridium; z, spermajozoid escaping from sperm-cell (magn. 300 
diam.); A-, front view of a spennatozoid; vertical section of a young arehegonium; in, 
more advanced; iu still ^der, with the eunul open, and on embryonal corjUKtole in the sac 
( m.agn. 100 diam.); o, viRv of the mouth of an arch«*conium, from above; p, vertical sec¬ 
tion ofon arehegonium with the embryo in course of development in the sac; the same, 
more advanced (leas magnified); r, vertical section of young plant, more advanced, with a 
fragment of the prothaliium (magn. 60 diam.); a, i, young plants of Pterin gerrufaia, with 
their first and second leaves and adventitious roots, still connected with their prothallia. 

canal leads to a basal ccU (embryo-sac), in which lies a germinal 
corpuscle (n) , as in the arehegonium of Mosses (§ 841). This cor¬ 
puscle is fertilized by the entrance of spermatozoids into the canal, 
and becomes^ the embryonal cell. Seldom more than one arche- 
gonium in a prothallium becomes fertile; the abortive ones acquire a 
peculiar brown colour in the canal and embryo-sac. 
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Cell-division ensues in the emhnjo thus formed (fig. 545, p, q ); 
but the result is not the formiitiou of a capsule, as in the Mosses, 
but of a bud, producing leaves (c) gradually more amd more perfect 
(*, t) in the Ferns, and of the characteristic stem in tfco Equisetaccce. 
When these vegetative structures are sufficiently mature, they pro¬ 
duce the sporanges and spores, as described in a former section 
(p.418). ■ 

The development of the spores of Ferns is similar in its most essential 
points to that of the Mosses. The thecic or sporanges (p. 418) are pro¬ 
duced from Certain cells of the parenchyma of the fertile leaves; and when 
mature, they break out upon the lower surface, naked or covered by the- 
induaia (p. 418), They are at first cellular papillje, the parenchyma of 
which becomes differentiated in the course of development; the outer 
layer fojnis the cellular wall of the sporan<ge and the anmlm (p. 418), 
while the central parouch 3 'ma assume.s the character of parent cells of the 
spore-cells, which are developed in fours, as in Mosses &c., and acquire 
when ripe a cuticle marked with granules, spines, or ridges (fig. 468,_?>). 


S]}oro(jamia. 

846. It has long been known that the Lycopodiaceje and the 
Marsiloaccae produce spores of different kinds, unlike especially in 
size, so that they arc oonvenicntly’distinguished as mierosporeii and 
me^aspores. These are produced in similar or only slightly different 
sporanges (pp. 411-414), which in the Marsilcaccoc occur together 
or 1 separately in an additional envelope, forming the spore-fruit 
(p. 411). 

The reproduction by means of these spores presents characters 
greatly differing from those described in the preceding group, and 
approaching those found in the Phanerogamia. 

847. WJien the mierospores of Lycopodiaccac and Pilularia are 
sown, their contents arc converted into minute sperm-cells, dis¬ 
charged when mature, and each gpving birth to a ciliated spermatozoid 
(fig. 546, a). In Salvhun, the. mierospores produce cellules, each of 
which produces again several spcrm-cells in its interior. 

The formation of the mierospores, in their capsules, agrees essentially 
with the development of the spores of Ferns in tneir thecae. 

848. The megaspores have a very different history, subject to 
slight modification in particular goneri; it will suffice to describe 
as an example the mode of development in Selaginella, 

When the large spore of Selaginella is sown, after some time the 
outer tough coat bursts at the apex, marked by the convergence of 
three ridges externally (fig. 546, b) ; when this openiqg of the outer 
coat takes place, it is found that a discoid layer of minute cells has 
been developed, between a second coat lining the cnticular layer and a 
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third coat, which immediately encloses the fluid contents of the spore; 
this coat may be extracted from the outer coat and the cellular 


disk 18 thou sceituponitsupper 
end (fig. 546, This disk 
is the prothallium, and upon 
its exposed surface (6) are 
found the ardi&jonia (in Sela- 
ghiella numerous, in Pilularia 
&c. solitary). Cellular tissue 
is also developed in the large 
sac of the spore, underneath 
the disk, but separated from it 
by the inner spore-coat. This 
is shown in’thc vortical section 
of the spore (ct). The archc- 
gonia consist of an embryo- 
sac, with an intercellular canal 
lea^ng down to it (/), the 
four upper cells bordering the 
canal being more or less pro¬ 
duced above the surface of the 
prothallium (d, /). In the 
embryo-sac lies a germinal 
eorpmch (/), which is doubt¬ 
less fertilized by the sperma- 
tozoids of the microspores, 
but at what time and in what 
manner is as yet not known. 

849. The fertilized germinal 
corpuscle is then developed 
by cell-division, forming the 
emhryo, which in Selaginella. 
descends into the cellular tis¬ 
sue of the largo cavity of the 
spore (fig. 546, h), its primary 
cells growing into S Mamen- 
tous suspensor, bearing the 
true embryo-cell at the lower 
end. The embryo (fig. 5465 i) 
gradually takes form and pro¬ 
duces a leaf-bud (k), and sends 
out an adventitious root; the 
bud and th% root escape from 
the spore-coat (Z), leaving be- 

M aaI 1 11 1 a 1* vn nae f 


Fig. 546. 


e 



Eeproduction of SelamneUa (Lyoopodiaw®): 
Bmali or artheridial eporc discharging sperm- 
cells, containing spennatozoids (magn. 100 diam.); 
6, large spore, witii the outer coat bursting, to dis¬ 
play me prothallium bearing archegoiiia(magn.l5 
diam.); c, lat^o spore with the outercoatremoTed, 
showing the entire inner coat, with the cellular 
prothallium at the upper end (magn. ICHl diam.); 
d, vertical sectionof a more Ewlvanced prothallium 
witharohegoma(magn. 100 diam.); e,j, g, archego- 
nia with embryonal corpuscles in the sacs (magn. 
800 diam.); vertical section of prothallium, with 
thcL embryo developed from one archegonium 
imbedded in the cellular mass of the Bi>ore-saiC 
(magn. 100 diam.); i, more advanced embryo, ex¬ 
tracted from the spore, with its suspensor (magn. 
100 diam.); ife, vertical section of a spore, with 
embryo breaking forth (magn. 15 diam.); /, youns 
plant, with stem, leaves, and root, still connected 
with the spore from which it has emerged (nu^. 
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cotyledon ?) first formed, which dies away as the stem grows, like 
the cotyledons of a germinating Pea. 

The young plant (1) thus formed grows up at once into a new 
leafy stem, ultimately forming sporanges &c. 

The conditions in isoetes, and also in Pilularia and other Marsileacese, 
differ in various points—such as the absence of a suspensor in InoHes, the 
existence of only one archegonium in the Marsileacese &c. Seldom more 
than one of the archegonia become fertile in Lycopodiocese. The deve¬ 
lopment of the embryo of the genus Lycopodium, in which only microspores 
have been observed, is at present involved in obscurity, no attempts to 
cause germination having as yet succeeded. Spring, the monographer of 
this group, even goes so fiir as to express the opinion that the genus Lyco¬ 
podium was originally dioecious, and that one of the sexes has been lost, 
so that the male plants alone,remain, perpetuated by simple vegetative 
division. This view, however, is improbable. The male plant would 
probably, as in other cases, occasionally produce female organs; but these 
have as yet escaped observation. 

A peculiar phenomenon is exhibited in the formation of the megaspores 
of these Orders. The microspores are developed in fours in parent 
cells, much as in Ferns and Mosses as regards the metamorphosis of the 
internal parenchyma of the sporanges into free cells. But in the de¬ 
velopment of the megaspores, when the parent cells of the spores are 
formed, in SehgineUa, all of them but one m each sporange arc abortive, 
the single remaining one forming four rpeeial parent cells, and, ultimately, 
four large spores which fill the sporange. 

In TQidaria not only’do all the parent cells but one disappear in the 
ipegaspore-sporangcs, but, when this one divides into four special parent 
cells, only one of the spore-cells continues to be developed, the other three 
disappearing, so that-the female sacs contained in the spore-fruits of Pilu¬ 
laria each enclose only a single megaspore. This megospore departs 
greatly in external character from all the other structures described as 
spores in the leafy Cryptogams, and approaches in some degree the cha¬ 
racter of a detached ovule of a Flowering plant. 

Sect. 5, EESBOmiCTIOir OV PnANEnOOAMIA. 

850. The remarkable distinguishing character of this group of 
plants is the possession of stamens producing pollen, and of carpels 
producing 0 !m?es,the latter of.which are matured, while still nourished 
by the petrent organism, into seeds containing an embryo (§§ 16 & 
300)—a rudiment of the future plant, in which the vegetative organs, 
stem, leaf, and root, can in most cases bp dis'tinguished. 

The formation of these reproductive organs closes the life, or, in 
perennial plants, the periodical, cycle of growth; and the progeny 
thrown off, after passing through a stage of rest, germinate directly 
into a new, perfect morphological representative of the species. 

851. In the Flowering Plants, as indicated in the preceding Parts 
of this work, there are some important differences in the con¬ 
struction of the essential organs of the flowers, accompanied by a 
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striking variation in the course of development of the embryo sub¬ 
sequent to the concurrence of the sperm-cell with the original germ¬ 
cell of the ovule. The Morphological differences of the G 3 unno- 
spermia and Angiospermia have been indicated already; in describing 
the minute phenomena occurring in their sexual reproduction, it 
is advisable to treat them separately; but as the pollen-grains 
arc produced on the same plan in both groups, these structures 
may be previously disposed of in a brief account of their general 
history. 


Fig. 647, 


Pollen-grains of Phanerogamia. 

852. PoUen-grains, the sperm-cells of Phanerogamia, differ im¬ 
portantly from the sperm-cells of the Leafy Cryptogamia in the 
absence of any corpuscular contents analogous to spermatozoids; 
their protoplasm exhibits simply a nucleus, with granules of starch, 
oily matters, and other ordinary cell-contents (§§ 595,596). In this 
respect they approach the fertile cells of Conjugating Algae (§ 827). 

853. In their simplest forms they are single cells, with a proper 
cell-coat and an outer euticular coat, mostly marked with irregu¬ 
larities, forming a kind of pattern on the surface, sometimes very 
elegant. In particular cases the outer coat is laminated, so that the 
pollcn-cell appears to have several coats. In all cases the outer coat 
exhibits one, three, or many round holes or slits (pores) (fig. 547, e), 
where the inner coat is bare; in the 
pollen of Passijlora, Cucurbita, &c. there 
exist lid-liko covers over the pores (fig. 

547, c). 

854. The form and size of pollen-grains 
vary very much, as may be observed even 
in the few examples here figured; but 
although there may be a general resem¬ 
blance throughout particular genera, and 
even Orders, they do not often afford 
good or regular systematic characters. 

The most frequent cases of agreeiient 
in allied plants occur when they possess 
compound pollen-grains (fig. 547, b, d), 

' consisting of a number of^ pollen-celis 
permanently coherent together. The most 
striking cases of this are those offerq(i so 
abundantly in Orohidacese (S 609) and PoUen-^m«,mm.i 00 (iiameterg: 

, , • 1 a, SMt; b, Aaicta hxa (.txm- 

AsclGpiBUllCGCB B8 tO tomi VfllH— poilnd groin); 

able systematic characters in these Or- 

ders. These pollen-masses or pollinia SpihbiummontaMmik.Lafkraa 
consist either of the entire mass of pollen STong^t^’oeiSofLe''^^^*'^ 
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of an anther-cell, or of a half, quarter, eighth, or smaller fraction, so 
numerous in some genera as to appear like granules merely coarser 
than ordinary pulverulent pollen. 

The existence of pollen-masses and compound grains is readily ac¬ 
counted for by the history of the development of pollen, which agrees in 
the main points with that of the spores of Mosses &c. (§ 842). The par¬ 
enchyma in the central region of each lobe of a young anther presents 
two perpendicular rows of cells, one corresponding- to each of tlio four 
primary loculi (§ 200), diilerent in character from those which are to form 
the walls. The cells in these series multiply by division to a consider¬ 
able extent; and ultimately each forms a free cell from its whole con¬ 
tents—the parent cells of the pollen. Those are set free by solution of the 
walls of the parenchymatous framework in which they have been de¬ 
veloped, and tlipy then lie as loose cells in the loculi or chambers of the 
anther thus formed. Each parent cell divides into four chambers; and 
each of these chambers (special parent cells) produces a pollen-cell, in the 
case of simple pollen-grains set free by the solution of the special parent 
cell. In quaternary pollen (fig. 647, <7) the membranes of the special 
parent cells are not dissolved, and thus the pollen-cells are held together 
in fours; and the more complex conditions arise from the niomhranee of 
the parent cells of anterior stages pei-sisting sufficiently to hold their pro¬ 
geny together. The mode of formation of the pollen in the special parent 
cells is by some attributed to cell-division ; but the move geni^rally auopte-’ 
view is that it is formed by free-ccll formation. The nuclcii> of the 
parent cell divides into two; between these two a quantity of granules of 
protoplasm are aggregated together in a direction aeross the parent cell, 
these granules are^suddenly seen to he dii'ided by a liiK', the (ir.st indica¬ 
tion of the cell-wall between the two cells so produced; these two again 
subdivide ; and thus four pollen-cells are ultimately found in one parent 
cell. The pollen-masses of the Asclepiadacete, and perhaps of some 
Orchidacem, result from a difterent process; in those the outer layers of 
the primary parent cells do npt develope cells in their interior, hut become 
conjoined into a cellular pellicle forming a sac or purse enclosing all the 
pollen-grains formed within. 

The pollen-cells acquire their cuticular coat after they have become 
free; but part of the material of this structiue appears to be derived from 
the dissolved membranes of the parent cells, 

Zostera presents a remai-kahle exception to the usual character of pol¬ 
len-grains, the cells here havingi;he form of short cylindrical filaments 
with hut one coat, i. e. without a cuticular layer. In, these a rotation 
(§ 736) of the cell-contents may be observed, which is likewise occa-sion- 
ally to be seen in recently formed pollen-tubes of other plants. The 
minute starch-grains of the cell-contents, are noticeable as exhibiting a 
molecular motion, which -was at one time imagined to be of vital charac¬ 
ter, and might lead the inexperienced to suspect the existence of minute 
spermatozoids. 

Pollen-ffrains of Oymnospermia. 

855. The pollen-grains of the Grvmnospennia present a modifica¬ 
tion of the structure above described. They are not simple cells, hut 
produce in their onvity, even before they are discharged from the an- 



OTTOES OF PHAKEHOCtAMIA. 


607 


ther, minute cellular bodies, composed of two or four cells, adherent 
to that side of the pollen-grain where the slit (§ 853) exists in the 
outer membrane. 

850. In the Phanerogamia, when a pollen-grain falls upon a 
stigma in its proper or “ receptive ” state (known by the presence 
of a saccharine secretion), the inner coat is protruded in the form 
of a blind pouch (fig. 547, li) from one or more of the pores or 
slits, and, nourished by the stigmatic secretions, grows into a fila¬ 
ment of great tenuity, which makes its way through the loose stig¬ 
matic ccUs, and passes down the eanal of the stylo into the cavity of 
the ovarj', there following the course of the placentas when the ovules 
are numerous. 

857. In the Gymnospermia the poUen-grains fall at once upon 
the ovules and pass into the micropylc, sending down their pollen- 
tubes—here developed from the internal cellular body (§ 855), which 
penetrates through the proper coat of the pollen-cell—into the sub¬ 
stance of the nucleus of tho ovule, towards the deep-seated em¬ 
bryo-sac. 

The formation of imperfect pollen-tubes may sometimes be caused by 
placlii}> i>(illiui-grains in syrupy fluids; but when they are placed in dilute 
sulpV ' acid ifcc. the extrusion of the inner coat which results is mostly 
0 proct's,' of mechanical c-xpansion, and the projecting pouches soon burst 
anu di.scharge the contents of tho coll, owing to endosmotic action. 

Ovules of Phanerogamia. * 

858. 'xiic ovules of Phanerogamia are all constructed according to 
somi modification of one general plan. Tho essential part is the 
nuchas (fig. 548, a) or principal cellular mass, in the interior of 

Fig. 548. Fig. 549. 



Wo- .SIS. Diaeraromatiusi'otionofnnoTnle: o,nndenB: »,embryo-sfto; c.iimercoat; d,outer 
coat; ceffuicropvlc; /*, chttlaza; y, ftiniculue. _ . • , 

Fiff 619 YouflC OTOles of A. Vertio^ Bcction at the time when the pnma^ eiubryo- 

aao IB a small cell in the centre of the nuoleus: m, microiijle. B. Section of an 
older ovule: m, micropyle with two poUen-grains on the apex of the nuelena; *, 
the primary emhryo-aao BUed with oellular tissue. Mogn. 60 diam. 
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■which one of the cells is greatly enlarged, forming a more or loss consi¬ 
derable ca’rity (fig. 548; h), the embryo-sac. The nucleus is attached 
to the placenta of the carpel to ■which it belongs hy thc/u»tcuZMS {<J) 
or podosperm. In most cases one or two coats exist, covering up 
the nucleus, forming the internal (c) and external (d) integuments. 
These do not quite meet at the apex, but leave an orifice, the micro- 
pyle (e), leading to the point of the nucleus. The region where the 
base of the nucleus is continuous with the coats (/) is called the 
cJuilaza, the position of which, in reference to the funiculus and 
micropyle, varies in different forms of the ovule (§§ 236-240). 


Ovules of Gymnospermia. 

85.9. The ovules of the Gymnospermia, Pinacero and their allies, 
and Cycadacese, are produced upon open carpels, so that the pollen- 
grains have direct access to the micropyle (fig. 551, A, a). In Hnvs 
two of these occur at the base of the carpellary scale. Each consists 
of a nucleus, with only a single integument (549, A). In this first 
figure the primary embryo-sac is represented in the centre as still 
tery small. Before the pollen-grains fall on the micropyle of the 
ovule, the embryo-sac becomes filled up with delicate cellular tissue 
(endosperm-cells). Eig. 549, B, represents a section of an ovule 
■with the embryo-sac (e) filled up in this way, and two pollen-grains 
vWhich have penetrated into the micropyle (m) pushing their pollen- 
tubes into the substance of the nucleus. 

In the upper part of the mass of endosperm (e), from five to eight 
cells are found to expand more than the rest, forming secondary env- 
hryo-sacs. These are not formed in the superficial cells of e, but 
from cells of the second layer, so that each is separated from the 
membrane of the primary embryo-sac by one cell (fig. 550, A). 
Those cells lying between the secondary embryo-sacs and the surface 
of the endosperm next undergo di’vision crosswise, so as to form a 
rosette of four cells, which separate at the converging angles, and 
leave a central intercellular passage down to the secondary embryo- 
sac. In this state, these corpuscula, as they were called by E. Brown, 
their discoverer, are very much like *tho archegonia in the internal 
pro thallium-structure of Selaginella (§ 848). 

The pollen-tubes travel down through the substance of the upper 
part of the nucleus, and reach the mouths of the canals of the cor- 
puscula, one entering each (fig. 650, B, p t). At the same time 
germinal corpuscles ar| produced at the base of the secondary embryo- 
sacs (fig. b60, B, a). These, after fertilization, by thtf contact of the 
pollen-tube with the upper end of,the. sac {p t), becdme cells, mul¬ 
tiply and form a cellular mass E), the lower cells of which 
break out through the bottom of'thA endosperm, and grow as four 
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cellular filaments (P, G, H) into the substance of the lower part of 
the nucleus of the OTule. At the ends of these filaments ceU-dLvision 
again occurs (I); and from the apex of one of these suspensors (§849) 


Fig. 660. 



DoTolopmcnt of embryo in Conifer© (Pjjmw) : A, up)ier part of th<' embrjo-sac, witli two 
corpu^culn or archegonia; B, the saine more advimeed, tho right-luuMl ono with a pollen- 
tube (p t) in its cimul ami cenninal eorpusoles («) at thi* base; C. I). R, Huecessive staffes 
of develqiment of <nu B; if. G-, H, dt*veloprnent of theao (jolla into auspensors, at the end 
of one otwKich the embryo is produced, snown in I (e/fi), Magn. 100 diam. 


Fig. 561. 


is deTelopcd tho embryo (I, em). As there aro several corpuscles, and 
each produces four suspensors, a*large number of rudimentary em¬ 
bryos are developed; but usually only one of all these rudiments is 
perfected. • 

That embryo which is fully developed gradually increases in size, 
and most of the stnieturcs above 
described disappear, so that tho 
ripe seed exhibits a single embryo 
imbedded in a mass of cndos])erm 
or albumen (fig. 551, D), the latter 

originatingapparontlyfrom the uu- 
eleus of tho ovule. The radicle is 
covered by a pilewldza (§ 080), 
which is intimately blended with 
tho substance of tho endosperm. 

860. The phenomena presented 
in other PinacciB, in Taxas, and in 
tho Cycadaccse agree in most of the 
essential particulars. Tlicre appear ^yhestri*. a. Carpei with two nairei 
to be some curious peculiarities in 

the Guetaceaj, which aro not yet ^wrated ^), having a wing-hko pr^eas. 

1 , , % A. T« B. VerticaPsection of the si'sed (0, a), is. 

COmplstGly mfluC out. in yv Young plant from germinated seed. 

chia, whoso ^anomalous structure ' 

has been described at p. 407, embryo-sacs grow out of the pri¬ 
mary embryo-sac. 
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Ovules of Angiospermia. 

861. The early history of the ovules of this group is analogous to 
that of the ovules of Gymnosperms, excepting in the particular 

Fig. 662. 


Q ! 



Ovules, showing gratlual formation of coats over the nucleus and progressive curvature. 


that they arise from 
instead of being de¬ 
veloped upon the ex¬ 
posed surfaces of open 
carpels. 

The ovules arise from 
the placentas as mi¬ 
nute cellular papillne, 
which gradually take 
form, and exhibit the 
regions and the modi¬ 
fications of their ar¬ 
rangement described 
in an earlier section. 


the placentas existing 

Fig. 653. 
c 


in closed ovaries 


The annexed 
mg (fig. 563)- 



draw- 
-actual 

views, drawn to a scale, 
of the development of 
the minute ovules of 
Orchis — illustrate the 
gradual formation of the 
coats &c. Fig. .563, a, 
represents ayoung ovule 
projecting out from the 
placenta, before it has 
become anatropqus; the nucleus here consists merely of the embryo-sac 
surrounded by a single layer of cells, which layer is absorbed as the ovule 
grows (c, d), so that the embryo-sac constitutes the whole nucleus of this 
ovule. In a the inner integument partially encloses the nucleus; in b the 
outer integument has grown up dVer this to a certain extent; and both are 
still more developed in c, where the inner coat has covered up the nucleus 
neaving the endoslome, § 230), but itself projects from the outer coat. In 
a the oifter coat has grown up over the inner, end the mtaropyle or fora¬ 
men ($ 2.36) consists of a wide exostome and a narrow endostome, into 
whieh the pollen-tube (p <) has penetrated. 


Devf'lopment of the ovule of Orckig Morio: «, a young ovule, 
with the nucleus projecling from the inner coat; b, an 
older ovule becoming nnulropuus. with the outer coat 
growing up over the inucr; c, section of a more advanced 
ovuIl-; d. section of on ovule with the poUen-tube (pi) 
passing down the micropyle, and in contact with the em> 
bryo-sac; J", an embryo-sac extracted, with three germinal 
corpuscles; another, with the end of a pollen-tube ad¬ 
herent. Itfagn. about 100 diom. 
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Oviilca aro seldom so small, or composed of so few cells, as the fore- 
poiii|^; more frequently the nucleus is a cellular mass of some size, and 
the coats are composed of several strata of cells. The outer coat is the 
priniine, the inner the secundhus, of Slirbel. 


Fig. 1>64. 


862. At the epoch when the pollen is scattered from the anthers, 
the ovule presents the characters which 
are illustrated in fig. 5.54, which repre¬ 
sents the anatropous ovule of the gai-dcn 
Hyacinth. The nucleus (fig. 554, n) 
is surrounded (in this case) by two coats 
(.« &p), which are perforated above by a 
eaiuil, the microp 5 do {m) ; at the base of 
the nucleus is the chala/.al region (c), 
whencp the integuments (.s A j)):iriso, and 
where the raphe (?'), with its spiral ves¬ 
sels, ends. In the centreof the nucleus 
is a long sac (c •■?), the embrj-o-sac. 

It is a largo coll, filled with watery 
fluid and protoplasm, and contains at its 
summit the yermiml corpxtselcs (ev), 
globular or oval masses of protoplasm, 
one of which becomes the gel'minul 
ve.siclc. 



Vertioal 8t*ftion of the oruln of tho 
^aiMcn Hji'aeinlh, just before 
miprejrnution ; J\ fanioulus; r» 
ra^ho; e, chulazn; a, nucleus; 
s, inner ainte^uiuejit; p. outer 
integmni‘nt; >«. mieropyle; * 
eiubryo-stw;: <! u, jfcnuihul cor- 
puscIfS,oHeofwhi«'h ^ircsoripn 
to the embryo. Magn. 25 diam. 


Some authors assert that these corpuscles 
av(i <Y'/& before iiiipreguation; hut we hold 
that they are merely corpuscles of proto¬ 
plasm, or rather free primordial utricles 
(§ 700), like the unfertilized spores of yiiciis (§ 8.52). In fig. 5.50, A, ev, 
is shown the condition before fertilization in Haniahan. Most observers 
consider that the germinal vesicles exist before fecimdation; but I'ulasne 
inclines to tho belief that thov are the first results of that pl-oces-s. In 
some cases, at the bottom of tlie emhryo-sac, small cells (^antipodal cells) 
have been seen, which have only a temporary existence, and disappear 
after fertilization. The purport of these cells is not known. 


863. The emhryo-sac exhibits different modes of development in 
different Orders of plants. In the Orchidaoeie the cell which con¬ 
stitutes the embryo-sac (fig. 553) very soon obliterates fhe sur¬ 
rounding cells, hero a single layer, and comes to form tho entire 
nucleus (c, d, e, f). In the'Compositas an analogous condition is 
met with. In the LeguminosiB the pmbryo-sac soinctiraea^expauds 
so as to cause the absorption oven of tho inner integument. 

On the other hand, it often only occupies a moderate part of tho 
nucleus (fig. 564), and may then be a simple cyliudrical or oval sac, 
or run out into pouches or diverticula, as occurs especially in Scro- 
phulariacesB. A remarkable condition occurs in Santalacece, where 
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the apex of the embryo-sac grows out from the micropylo to meet 
the pollen-tubes, much as in Ephedra or Wel- 
witschia, wherein the coat of the ovule is pro¬ 
longed into a styliform process ; in Santalum 
album and some other plants the embryo is 
developed entirely outside the nucleus, in the 
protruded part of the sac. 

SGI. Wlien the pollen-tubes are formed in 
the stigma. (§ 856), they gradually elongate 
by growth at the apex into tubes which pass 
down the canal of the style when this exists, 
the latter being sometimes several inches 
long. The time occupied in this growth varies 
from a few hours to a week or two. The 
pollen-tubes mostly die awa}’ above as they 
grow below ■; and the stigma withers soon after 
the pollen-tubes have penetrated. 

It is remarkable that the stigma remains fresli 
for a considerable time in unfertilized ovaries; 
and in the occasional easeS of development of an 
unfertilized o^■ule, which has beea i>bserved in 
some dicecious plants, us Jlemp, J/cr- 

curialis, &c., the .stigma does not wither. 

865, The poUen-tubes are exceedingly minute, the diameter 
averaging from to ifTMjTr inch. Ihit Amici estimated the 
number of pollen-tubes formed from the pollen-masses of Orchis 
Morio at 120,000. Experiments have shown, however, that, under 
favourable cireuiustaiices, a very few poUon-gruins suffice for even a 
mauy-ovuled ovary. Kdlrouter found that when 25 pollen-grains 
were placed on the stigma of Hibiscus Trionum, lO-Ki ovule.s were 
developed; with 50 or 60 grains, above 80 ovules; and 1, 2, or 3 
at the most sufficed the single ovules of Mirahilis Jalapa and M. 
Icmpijlura. 

The bundle of pollen-tubes proceeding from tho style is distri¬ 
buted in fractions, or partial bundles, to the placentas, when several 
of these exist. The pollen-tubes make their way to tho points of 
the ovules (figs. 555, p t, & 553, d, p t), and one or two enter the 
micropylo of each.. Generally speaking, the tube ceases to elongate 
when it reaches the outer surface of the apex of tho embryo-sac. 
Sometimes it runs onwards a little way (fig. 553, gr), often depressing 
the. membrane of the embryo-sac a little. According to Hofmeistor, 
it actually breaks through into the embryo-sac in Canna, In all 
cases it contracts a finu adherence, and possibly a kind of conjuga¬ 
tion takes place (fig. 556,11). 

866, The arrival of the pollen tube upon the surface of the cm- 


Fig. 565. 



V ertioal section of the OTary, 
oi»ntftining one ovule, of 
Cardumx It, hftiu' of the 
canal of the Hiyie: o. h«xiy 
of the ovule; pt. butuUc 
nf pollen'-ttiln'M, deaeend- 
fi'<>tu the stl^ina; e 
<'?nhryo-Hae; e, naseent 
enibryu. Mui^u. ‘do diani. 
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uryo-sao is followed by the development of one (rarely of more) of 
tlio eorpiiseles (fig. 556, A, e v) into the germinal cell 

(fig. 556, 11, e v). 

In (licliis, two of the corpuscles are sometimes developed into embryos' 
In CiSrufj as may be readily observed in Orange-pips, two embryos are 
\ erv frefiiiently formed in tlie seed. 

Fig. mi.- 



Kig. 

Fig. W7. 


* n,.T sf Ok. fmbrvo-sac of StntxluM album : A, just before impregnation; .B. 

Tih- poilen-tuK^^^ /T.-lhcr.-nt. an,l a eelh.lose membrane upon the germinal ceU 

m^wiiipumri^re eXyo^iml see., of A. Seedon oja 

whi<-h is albunnnotis seeds.) C. Section ot a ripe ae«^, merelv 

Ihe r^l^rTs wmro^d external integoment 

with ita epideriD^ layer. ,. 
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867. Tho development of the germinal cell into the emhriio ex¬ 
hibits some variations in different cases. Most frequently the cell 
divides transversely, and the upper cell often elongates (sometimes 
dividing again by septal so ns to form a tubular confervoid filament, 
or suspensor, hanging from tho top of the embryo-sac, and bearing 
at its lower end the true embryonal cell, Vhich soon becomes a mass 
of cells, which arc ultimately shaped into a mono- or dicotyledonous 
embryo. This suspensor is seen especially in Crucifera;, tiorophula- 
riaceae, &c.; it is a single globular cell in Potamoyeton. InZea, Fri- 
tiUaria, &c. the germinal cell does not elongate at all. In Orchis 
the stispensor grows- out from the micropyle. 

868. Different changes arc undergone by the jiarts of the ovule 
during the development of the embryo (fig. fi57). In exalbuminous 
seeds (§ 298), tho embryo in its growth destroys all trace of the 
nucleus, and in the ripe seed lies immediately within the coats. In 
seeds with albumen or endosperm (§ 29!)) the commonest condition 
is for the embryo-sac to become filled ■with colls which arc moulded 
over the embryo internally, and to expand externally until tho sur¬ 
rounding tissue of the nucleus disappears, or remains only as an 
element in the coats of the seed. The tissue dovelopiid in tho 
embryo-sac forms tho albumen. In Piperacem, Nymphmacem, and 
a few other cases a double allmmbn is formed (§ 299), cndos]x>rm 
being farmed both inside and outside the embrjm-sao, tho latter being 
developed from fjic tissue of the nucleus. 

No rules can be given for the homologies of the “coats ” of the seed— 
the testa and teymen or enclopleura ,—which arc formed either from the 
primine and secundine, or from these and the nucleus —and sometimes from 
one alone of them, its tissues undergoing a different development iu dif¬ 
ferent layers. 

r Fertilization. 

869. In the preceding paragraphs the structural arrangements of 
the sexual organs of flowering plants and the manner in which the 
embryo is formed have been described ; it remains now to speak of 
certain curious phenomena that have been observed relating to the 
process of fertilization. The existence of distinct Sexes in plants 
was inferred by Linmeus from certain arrangements which he de¬ 
scribed, and which would favour the process of fertilization, though 
it was soon seen that in many instances, as in the case of bisexual 
plants, the agency of the win^ or of insects was required to con¬ 
vey the pollen to the stigma. Except in the instances just al¬ 
luded to, it was the general opinion that self-fertilization was tho 
rule in hermaphrodite flowers, i. e. that the stamone of any given 
flower shed their pollen on the stigma of the same flower, Sprengel, 
however, and recently Darwin have done much to prove that though 
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a flower may be structurally hermaphrodite, it is usually functionally 
bisexual, and that a greater number of healthy seeds are produced 
when a cross-fertilization between the stamens of one flower and 
the pistil of another flower of the same species is effected. Darwin 
even states that in those cases where self-fertilization is the rule, a 
cross occasionally occurs. 

The facts just mentioned may bo illustrated by the case of the common 
Primrose, the flowers of which are di¬ 


morphic : in some the stamens are long 
and protrude beyond tlie corolla; in 
others the stylo is long and projecting, 
while the stamens are concealed within 
the corolla. Now the greatest ntimber 
of fertile seeds are formed when pollen 
from the long stamens is made (by in¬ 
sect agency or otlierwise) to pass, not on 
to tlie .short stylo of the same flower, 
but oil to the long style of another 
flower. (Ither plants, such as Lytlmtm 
iSalicaria, are trimorphic, having styles 
and stamens of three different lengths. 

Reciprocal fertilization is possible be¬ 
tween any two of these; but the most 
perfect fertilization occurs when the 
style of one flower is impregnated with 
pollen from a stamen of equal length with itself belonging to another 
flower. • 

Though cross-fertilization is thus shown to be advantageous and very 
general, yet there are some cases where every adaptation seems to be 
made with the view of securing self-fertilization, as in the following case. 
In Domheyn the staniinodes or sterile stamens are longer than the fertile 
ones, and are ondov^d with a power of movement in virtue of which they 
curve downwards and outwards, so as to come into contact with the fer¬ 
tile stamems, whose anthers open outwardly. In this maiinig' the stami- 
nodos become dusted with pollen, and then become uncoiled, assume an 
erect position, so as to come into contact with the stigma, whose curling 
lobes twist round them and receive the pollen from them. 

Hildebrand gives the following arrangement of the distribution of 
sexual relations in flowering plants:— 


Fig. 668. 



A. Male and female organs in different flowers (diclinous), self-fertiliza¬ 

tion consequently impossible, and foreign impregnation, accomplished 
by insect agency or wind, indispensable, tinder this head are in¬ 
cluded the flowers of didcious and monoecious plants. 

B. Male and female organs in the san^ flower (monoclinous). 

1. One sex developed before the other (diclioganious). Those flowers 
in which the male organs reach maturity before the female ones are 
called»protandrou8, and those in which the female reach maturity 
before the male protogynous; self-impregnation is thus naturally 
prevented, and fertilization is accomplish^ by insect a^ncy. 
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2. Botli spxea developed at the same time. 
a. Flowevs opening. 

i. Anthers remote from the stigma. 

• . . 

A. Length of style on dill’erent itidn idiials of the .same species 

diver.se (//cfcyW(//«<). Self-impregnation i.s not pre\'ented; 
but, in comparison with impr(>gnation tliroiigh insect agemw, 
it is either entirely' mseless for fruit-formation, as in Pitl- 
momriti offciniitii, or etl’ected ojily with unimportant re.sult,s, 
as in Pri/iinla ,ii/te>isis. 

B. Length of sty’lc on dill'erent individuals of the .same species 

equal. 

0 . Sexual organ.s changiug tlieir reciprocal position during the 
development of the ilower. Self-impregnation avoided ; 
impregnation by means of insects facilitated. 

00 . Sexual organs remaining unaltered in position during the 
development of the flower. 

t Insect agency necessary to fertilization; self-impreg’uation 
in fact impossible, foreign aid iudi.spensable : Orchidea'. 
Or self-impregnation pos.sible, Init not indisjiensable, 
foreign impregnation more frequent: Asclepiadi'n*. 

+t Insect agimcy not nece.ssary to fertilization. Self-im- 
pregiiatiou po.ssible, but impregimtiou also performed 
• ^ oy insects. •’ 

The possibility of .self-fertilization is evident—1, where tlie flower.s are 
erect and the lihimeuts are longer than the styles, as in IVt/s, Chriio/xirliii/ii, 
&c.; 2, where the flowers are pendent ami the Hlamenls are shorter than 
the styles, as iii Fnti/kiria im/ixna/i-i, Coiiciillnnii mujnlm, Ac.; but as all 
these flowers are visited by insects, cross-impregnation probalfly often 
takes place. 

ii. Anthers near the stigma. , 

* Xo fruit formed without impregnation by insects: Conjdalis 

cam. 

It would scarcely have been deemed credible that .self-fertilization wa.s 
impossible in such an instance as ConjdalU caca, where the anthers are 
closely appressed to the stigma, and in which self-impregnation appears 
inevitable. In his experiment.s, however, Ilildehraud discovered that 
when this plant was secured from the visits of iiistads, and also when the 
pollen was artilicially' applied to the stigma of the same flower, no fruit 
was set. To obtain perfect fruit be fouml it necc.ssary to impregnate the 
stigmas of one plant with pollen from anotitor. 

* * Fruit formed as a result of self- impregnation, but impregnation 

by insects not excluded. 

Instances of undoubted .self-fertilization of individual flowers are known 
in the genus Fumaria, fialviu hirsula, Linum usitatissimuni, Ctriihalanthcra 
qrmtUjlora, Ophrys apifera, &c.; but the number and quality of seeds 
borne is less than where cross-impregnation is effected. 
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/3. Flowers not opening. 

Sclf-iinprognation alone results, every foreign impregnation being ex¬ 
cluded ; but the.se plants all have other flowers which open and are thus 
e.xposed to the possibility of extraneous impregnation. 

The general eonclu.sions that may be drawn from the above facts are 
thus given b v the author, already eite<l:— 

1. 'fhe arrangements in the majority of flowers are such that no self- 
impregnatitm caii take place, but a transport of the pollen from flower to 
flower i.s aceompli.shed in.stead. 

2. Insects are ueec'ssary in mo.st cases for the conveyance of the pollen. 

d. When the acce.ss of a. flower's own pollen is prevented, it necessarily 

follows that self-impregnation is impos.oible. 

4. In those cases where self-impregnation is possible, or oven unavoidable, 
th(! ])o.s.sibility of I'oreigu impregnation is for the most part not excluded. 

0 . And in these ca.-;es insects are active, and accomplish the impreg¬ 
nation of the Mowers. 

(). There is probably no flowering plant to which access of foreign 
pollen, at least to a ]iortion of its llowi-rs, is impos.sible, and continued 
self-impregnation alone possible—therefore no flowering plant which fim- 
ni,shes a proof against the g(!nernl law which negatives self-fertilization. 

7. lly e.xperiimmts it has hoeii found that where, by accident or design, 
the pollen of a llowcr falls on tin' .stigma of the same flower, fertilization 
either does not follow, or when it Clo(',s occur the quantity of seed is less 
than where foreign pollen is employed. 

8. A gradual transition may bo traced, starting fronj those cases where 

sol f-impregfnation is utterly impossible, to those wl\ere it is possible and 
evi<lent, but not to the exclusion of the possibility of a foreign impreg¬ 
nation of the flowers. ^ 

0. The sexual relations and mode of fructification do not invariably 
tend tuwartls the morpliological aiUiiifies of the flowers. In some isolated 
families the sexual coiiditipns of all members are alike; in other families, 
again, and even gmicra, they are essentially difi'eront. The sexual relations, 
tliend'ore, have not developed with equal pace and in the same way as the 
morphological relations in the trnn.sformatlou and perfection of flowering 
plants. 

Hybridization. 

870. The treatment of the subject of the sexual reproduction of 
Plants would be incomplete without some notice of the phenomenon 
of hybridization, or cro.ss-brocding between distinct .species of jdants. 

From the difficulties, arising partly from the miiiuto size of the 
structures, partly from the comparatively recent date of any accurate 
knowledge of the sexual organs of thdCryptogamia, we are at present 
only acquainted with a few certain facts in reference to the cross-breed¬ 
ing of species in that Subkingdom. It lias long been known, however, 
that in collecl;ions of cultivated Ferns forms spring up from time to 
time presenting new characters, more or less intermediate between 
well-known natural species; and these have been commonly ac- 
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counted hybrids. The discovery of the phenomenon of fertilization 
on the protliallia (§ 845) of Ferns gives a new support to the suppo¬ 
sition that such plants are hybrids, although the question is still 
insufficiently supported by evidence. 

871. We possess, however, some facts of importance on this sub¬ 
ject relating to the Fuoaceous Alga3. Thurct took advantage of the 
extrusion of the germ-cells and spormatozoids (§ 832) in Fucaceac 
before impregnation to collect those separately and experiment on 
the degree to which hybridization was possible. He found that 8i)cr- 
matozoids of Focus serraitis and F. vesiculosus would not fertilize the 
spores of Ozothallia vuhjaris, and vice versa. Neither could the 
spores of HimanthnVia lorea be fertilized by Ozothallia vulgaris or 
Fuctis serratus, nor the spores of Fucus serratus by the spermatozoids 
of F. vesiculosus. But the spores of F. vesiculosus impregnated by 
the spermatozoids of F. serratus became fertile and germinateil; 
which fact is the more interesting since F. vesiculosus is a variable 
plant in its natural state, while the others named exhibit compara¬ 
tive fixity. 

872. The existence of hybrids in Phanomgamia, produeed by im¬ 
pregnating the ovule of one plant with tlie pollen of another, is a well- 
ascertained fact; and indeed hybrids are produced at will, within 
certain limits, by gardeners. 

It is necessary t(} distinguish here between true hybrids, or mules,re- 
sulting from the crossing of distinct species, and simple cross-breeds (or 
metis)commonly included under the name of hybrids by gardeners, and 
resulting from the crossing of varieties (§ 311) of the same species. 
It is from the last operation that the grc.at majority of the “ hybrids ” 
produced in favourite florists’ flowers, such as Pelargonium, Fuchsia, 
&c., are derived--this cross-fertilization presenting little difficulty, 
and commonly occurring naturally where large quantities of varieties 
are grown together. 

The ready cross-fertilization of varieties spontaneously, pjpees groat 
difficulty in the way of growing the varieties of cultivated vegetables for 
seed. The different varieties of the Cabbage, Turnip, Pea, &c. are 
difficult to preserve pure as seeding-plauts in large gardens or seed-grow¬ 
ing establishments, from the fact of insects and the wind carrying the 
pollen from plant to plant. 

873. True hybrids can, as a rule, only be produced between plants 
belonging to the same genus. When they are more diverse than 
this, they will usually not cross ;i and oven within the limits of genera, 
species will not always breed together. 

Generic difference in Flowering plants usually involves difference in 
the structure of the reproductive organs, we are therefore 'not surprised 
at the above statement; numerous instances, however, occur of the refusal 
of nearly allied species to cross, where we cannot detect any structural 
difierences between them. 
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874. The tendency to cross-breeding is loss common than is fre- 
(juently supposed. Gteitner, the greatest experimental authority on 
this point, states that in 10,000 sets of experiments, carried on 
during many years, he only obtained 259 true hybrids. It is found 
impossible, for example, to cross the Gooseberry and the Currant 
(two species of Whe,s), the Aj)ple and Pear (two species of Pyrus), the 
lUackbcriy and lluspbcrry (allied species of Rubus), &c. 

Besides this peculiar indisposition to hybridize, there exists an 
obstacles in nature, in the greater facility with which an ovule receives 
the influence of its own pollen; Gaertner describes this pheno¬ 
menon under the name of elective acuity, stating that when the 
natural pollen and that of another species are placed upon a stigma, 
the foreign pollen remains inert; and even when the natural pollen 
is applied a little time subsequently to the foreign pollen, it acejuires 
the supremacy, and the embryos prove true, and never hybrids. 

875. When species are crossed, the result from the hybrid seed is a 

plant differing from both parents, bearing more or loss relation to one 
or the other, as regards form and habit, in different cases. Gardeners 
do not appear agreed as to the kind of influence exerted by the 
male and female parents respectively, in determining the character of 
the mule. Gujrtner states that in hybrids of Diyitalia the mules 
most resembled the female parent, while in Mcotlana the reverse 
appeared; and he believes no law can bo laid down in regard to this 
point. % 

<876. The seeds ripened after hybridizing generally form but 
a fraction of those matured under natural circumstances. Thus, 
according to Gmrtncr, hybrids of Verhtmmn Lyclaiitis with V. ni- 
(/I'lim gave but 63 per cent, of the normal number, with V. 
Thcqisvs 2\ percent., with F. pymmidatum 3 per cent.; hybrids 
of Dinntlius bai-bafua with /I. yG-mmu 53 per cent., 'with J). deltoides 
22 per eemt., with D. virginem 1 per cent., &c. Moreover dioecious 
plants appear less prone to hybridize than those with hermaphrodite 
flowers. • 

877. The seeds originating from a process of hybridization pro¬ 
duce plants varying very much in their degrees of fertility. It ap¬ 
pears that the majority are barren; in many cases only a portion of 
the seeds formed produce fertile plants; while in a few cases the hybrid 
plants are nearly as fertile as those of their parent species when 
unmixed. It is observed al5o that in fertile hybrid plants the flowers 
earliest opened are the most fertile,,or sometimes are the only ones 
that ripen seed, subsequent flowers often developing hniits the seeds 
of which are destitute of an embryo. 

This barrenness of the later flowers, from deficient vital force, is in 
some degree analogous to what we sometimes observe hi cut flowering 
stems of succulent plants. We have seen the ovary swell, and one or 
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more seeds become extensively develo^)ed on a ent spike of Aloe and on an 
umbel of Crinum, tbrown aside to witbor. The s(!easj bowever, were (jnite 
“ blind,” the expansion consistinjj- of an abnormal development ol the 
integuments of the ovule, the nucleus and embryo-sac remaining un¬ 
changed. 

878. In some fertile hybrids it is observed that their progeny 
forming the second and third generations become more fertile than 
the original hybrid ; it is noticed, however, that their descendants 
usually exhibit a great tendency to vary in external character, and 
often return more or le.ss to the type of one of the parents. 

Hybrid characters seem, from the researches of Xaudin, not to b(? per¬ 
manent. The plants i-evert, ns above .said, to tlie type of one or tlie oilier 
of the parents. What are termed “sporh" by gardeners.), c. shoots 
differing in character from those on the otlier portions of the plant, an' 
frequently, but not always, due to a dissociation of hybrid or nu'tis 
characters. • 

879. The impregnation of the ovules of hybrids by the pollen of 
plants of cither parent spi'cies produces more fertile .seeds than are 
formed after self-fertilization of hybrids. 'The progeny in sncli ea.ses 
return more or less to the parent type, on the side from which the 
pure pollen comes, and by a ri'petition of such fertilization the hybrid 
characters are lost in a few generattons. 

It is an interesting fact that the ovules of hybrids are soiuetiim's more 
freely fertilized hv, pollen of a strange but pure species, tlian by their 
omi: thus the hybrid yieofitnui /xDiiriiltifo-rii^fi'en, wbicli usually ilii! not 
ripen more than !•'! good seed.s in a cap.snlo, produced witii tiie pollen of 
X. paniciilaftt .Kj, witli y. riintira 20, anil witli the pollen of .V. Lmij/ii- 
(lor/ii (a totally new element in tlie crossing) 10. In anotlier experiment, 
when this hybrid produced no seeds by self-fortilizntion, 10 good seeds 
resulted iVeim crossing with 3'. Ldiir/sdorjii. 

88(t. A <curious phenomenon has been observed in the garden 
plant called Cptimix Adaml, obtainc^d cither by grafting or true 
hybridation of the two kinds of Laburnum, Cpfi.sitx Ltilmniinn and 
C. pttrpiireus. The plants have in many instances exhiliitcd a jiartial 
separation or dissolution of the hybrid characters in the products of 
different leaf-buds ; on the same tree in which part of tho branches 
bore blossom of the hybrid character, other shoots ooeurred, some of 
which had reverted to the character of Cijtmix Lfiburnunt, others to 
that of C. piiirpurem, the other parent. In some of the shoots, 
moreover, unequally combined characters of the parents were observed 
iu different flowers of the same‘raceme. 

In some cases it has been found that the reverted or pure shoots bore 
perfect seeds, while the hybrid blossoms were barren. 

Cytim» Adamt has generally been supposed to bo an orefinary hybrid : 
but it has recently been stated that it originates when C. piir^mrci/s is 
grafted on Cytisus Laburnum, offering thus an instance of affection of the 
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stock by the scion analogous to that of the vario^ted Jasmine and Abutilon 
rcfeiToiI lu above (§ 813^. If this prove true, it will be a most important 
physiological fact, opening a very interesting field for experiment, likely 
to lend to practical results of high value in the cultivation of fruit-trees. 
(Certain sportu of Roses have also been explained by graft-hybridization; 
but these cases require strict scrutiny before they can be absolutely stated 
to result from grafting. 


Germination. 

881. Seeds placed under favourable circumstances germinate. 
They arc capable of doing so even before they are fuUy ripe. 

'file conditions favouring germination are the presence of mode¬ 
rate heat, moisture, and oxygen gas. AVater is absorbed; and 
substances contained in the seed arc oxidized, with the evolution of 
oarhoiiic acid, and sometimes of carbonic oxide and ammonia; and 
the .starchy substances laid up in the cells become converted into 
soluble sugar and ready to supply the material for development. 
During this process much heat is evolved (see § 885). 

Many sei'ds germinate very quickly when placed in favourable condi- 
tioTis, e.specially those of Crueiferio, Grasses, many Leguminos®, Cucur- 
bitacefc, ttc.; but the period varies, and is greatly aftected by the degree 
of heat to which they are subjecl«d, the depth ot sowing, which, on the 
one' hand, provide.s again.ri d(‘.sieeation, and, on the other, removes the 
seed further from the infiuence of the oxygen of the atmosphere. 

SeetLs with a hard pericarp or eudocarp (§§ 243,244) enclosing the seed, 
•siicli R.S tho.se of Horn. Crairepm, Almond, or with a hard testa (§ 296), 
1‘crmiin &e., often remain in the ground a year before they sprout, unless 
previously soaked in warm water. Every kind of seed germinates more 
freely at one temperature than at another. Seeds are very variable in 
this respect. 

Chemitad ehauges are observed iu the germination of the spores of 
('rvptogamia: in the resting condition they contain oil and albuminous 
matters, which are decomposed before genninatiou and resolved into 
chlorophyll, dextrine, &c. 

882. The rc.sult of germination is the appearance of the organs of 
vegetation—and first of uU of the root or radicle, which is to serve as 
the organ of absorption for the now plant. This almost universally 
turns downward, in whatever position the seed may lie, and pene¬ 
trates the soil (see § 700). 


2e6 
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CHAPTER VI. 

MISCELLANEOUS PHENOMENA. 

Sect. 1. Evolution of He-Vt by Plants. 

883. In examining the cases falling into thi.s section, it is im- 
porttmt to separate them into two classes :—(1) those relating to the 
proper or specific heat of plants generally; and (2) those more remark¬ 
able instances of elevation of temperature occurring at certain periods 
of dcvelo]iment in particular plants. 

884. It being a well-ascertained fact that the chemical combina¬ 
tion or separation of various elements found in jdants is accompanied 
by increase or diminution of sensible heat, and that the jiroeess of 
evaporation, constantly going on in dry weather in healthy jdants, 
is a cause of dt'jiression of temperature ns the substance from the 
liquid passes off in the form of vajiour, it is evident that the projier 
temperature of jdants, and their organs and tissues, must vary 
greatly according to the circumstances in whudi they are jilaced. 
Yet, as the evajioration, and the fixation of carbon in a solid form 
from gaseous material—both “ cooling processes”—are such j)rej)on- 
derating operations in tlie nutritive and assimilative jiroc'eases of 
vegetation, it seems scarcely jiossible, under ordinary eircnmstaiKtes, 
that plants should have a specific heat rising above that of the sur¬ 
rounding .atniosjihero. 

885. The germination of .seeds, in which carbonic acid is abun- 

The different power of conduetiug heat po.sse.s.sod by the .several tis-sui's, 
and, in the case of the woody ti.s.sue.s, lhi,‘ (liflereiice in the conducting- 
power according to the varying directions of the fibres, togetlier with the 
disturbance* arising from the unlike conductivity of the fluids and solid 
matters con.stituting in the cell-coiitent.s, render it very difficult to arrive 
at any general conclusions as to the specific heat of plants. 

From Uiitrochet’s experiments, made with a thernio-cleetric njiparatus, 
it would appear that the specific heat of all parts of plants in their ordinary 
condition is rather lower than the temperature of the, surrounding atmei- 
sphere. In cases, however, where evaporation was prevented by placing 
plants in an atmosphere saturated with moisture, the temperature some¬ 
times rose from to J per cent, above that of the atmosphere. More¬ 
over a rise and a fall took place in the coyrse of tw'otitj’-tour hours, the 
maximum occurring between ten and two in the day, the ininimum nt 
midnight. It was further observtid that the specific heat was only dis¬ 
coverable in the soft or green parts, not in the woody structures. 

The exj)eriments|liowever, vvhieh have been made to determine these 
points are by no means conclusive. It seems probable that,the increased 
neat observed in the structures of plants when evaporation is restrained 
dejieiids vijion the slow combustion of carbon, which is enabled to manifest 
itself when the cooling influence of evaporation is removed. 
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(Iniitly evolved, is constantly accompanied by a rise of temperature, 
wliicli is sal isbictorily accounted for on chemical principles; and the 

heating ” of heaps of germinating seeds is the more marked in con¬ 
sequence of the “ fermentation” (or decomposition through contact- 
action, § 741) by which it is always accompanied.- 

b!80. The most remarkable instarfbe's of evolution of heat are those 
which occur during the dowering of plants. This rise of tempera¬ 
ture ajipcars to take place in all cases; but it is most strikingly 
disjdayed, of course, in plants which have a crowded infloreseeuee, 
and above all when this is surrounded by a structure confining the 
liberated heat, as in the spathes of the Aracea;, on which many ob¬ 
servations have been made. 

Armii macuhitmn, A. ttalicnm, A. Dracimmlus, Richardia cfthiupica, Colo- 
msia odora, &v., the male inllovescence of Ct/cas circitialis, the large solitary 
llowcrs of Crn f.iix j/rnndi/lortis, Rif/nmiia radivans, Victoria regia, &c. are 
among the i-ecordcd plants in which the rise of temperature has been 
observed. * 

The greatest evolution of heat, after the opening of the spathe 
of Arncca', is at the part where the male flowers arc situated: after 
the pollen has betm discharged, the upper parts of the spadix grow 
warmer, and the lower parts cool gradually upwards. 

Experiments made to ascertain the cause of this heat lead to the 
conclusion that it is attributable to a process of combustion. Saussure 
found that the flowering spadix of Anon maciilatum abundantly ab¬ 
sorbed o.xygcii; and Vrolik and DeVricso, comparing the temperatures 
attained by a spadix placed in oxygen gas ami by one placed in common 
air, found that the former always exceeded ihc latter, while a spadix 
ke]it for a longer time in nitrogen gas did not manifest any increased 
temperature. 

88?. Connected with the subject of the temperature pf plants are 
the interesting observations of Alph. De CandoUe on the different ex- 
b-rnal temperatures reijuired by ditferent plants to stimulate them 
into either vegetative or reproductive activity. It is well known 
that any given plant will i-equire a certain sum of heat during a 
season to enable it to go through its whole course of development, 
and that under certain limits the course of development -vi’ill be passed 
through proportionately more quickly in warmer climates. Further, 
it is known that most plants of -warm climates are killed by certain 
degree's of cold, hut it is further observed that certain temperatures, 
insufficient to injure plants, are iit the same time insufficient to 
“ start ” them into growth, and that different species of plants have 
ditferent constitutions in this respect; -while, un tlie other hand, 
excessive tifmperatures may render plants barren by over-stimulating 
vegetative action, as is observed in the Vine in the tropics, and 
commonly also in badly managed exotics in our hothouses. 
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Sect. 2. LrMiNosiTY. 

888. In most botanical works we find noticed the observation of 
the danjrbtcrof Linnmus, that shopereeived a pecnliar flashing: Inmi- 
nosity of the flowers of Tropwohim majux on a hot snmnier’s night— 
together with a statement th.tt •the same appearanot? has been ob¬ 
served in the orange Lilies, Sunflower, Marigolds,^&e. Tlic fact 
that all physiologists, from Saussure downward, who have sotiglit to 
repeat these observations, have failed, and that the ajipearanee is 
always assigned to orange or red flowers, leads to the belief that the 
statements are founded on error, nri.sing from the peeidiar efleet of 
these tints upon the eye. Thoinflueiieo upon the eye of the brilliant 
orange and crimson flowers of some of the llliododendrous and 
Azaleas now grown in our gardens is very similar to that of looking 
upon a luminous body. The asserted luminosity of flowers is cer¬ 
tainly at present a very questionable matter. 

889. On better authority, namely of llnmboldt, >{oes von Esen- 
beck, Unger, and others, rests the fact that the thallus of some Eungi 
is luminous in the dark. The imperfect thalloid structure described 
as lihizomorphfi mhkrranen, occasionally met with in mines, exhibits 
upon its ramified .structure points which posse.ss an irregular pho.s- 
phoreseence, sometimes rising to sikIi a degree of luminosity as to 
enable surrounding objects to l)e dislingui.shcd. According to Unger’s 
ob.sorvations, the li^ht is not omitted from decaying matter, bnt from 
a peculiar superficial layer of cellular tissue. 

Phosphorescence has been observed in other mycolia, and it is also 
exhibited in the perfect Fungus of A<jnri('m oJearinx and otlu'r .species. 

Rotting wood is well known to ha often pliosphoresceut : and .aonu* 
authors state that this does not depend u])on tlio pves(>ne(‘ of Fungi; bnt, 
seeing the proved occurrence of phosphoreseence in the mvcelhim of 
Fungi, it is tnost probable that the luminosity is attributable to them, 
especially as it is removed irrecoverably by drying up the damp rotten 
wood. 

890. The statement that the Moss Schhfoxteijn wbieli 

grows on the roofs of caves, i.s phosphorescent, has been di'clared by 
Mildc to be erroneous. We could detect no tract; of it in observations 
made some ycats ago, and wo agree with Milde in attributing the 
appearance to the glistening caused by the reflections and refractions 
of light on the. wet surface of the cellnlaij leaves. 

According to Martins, the milky juice of Enphorhin phostp^orea 
becomes luminous when rcmoveck from the plants and heated gently. 

Sect. 3. Movements of Plants. 

891. The absence of the phenomena of motion was formerly 
imagined to constitute one of the distinguishing characters of plants 
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as contrasted with animnLs; but, in fact, members of the Vegetable 
Kingdom not only exhibit partial movements of their internal or 
external stnictures, but in some cases the entire organism has the 
l)o\ver of locomotion. 

The movomonts, however, of different plants arc dependent upon 
very divoi so eanscs, some of them being entirely mechanical, and due 
to ])hysical affe0ions of the tissues by the conditions of the surround¬ 
ing atmospluwe, and to alternate conditions of tnrgescence and 
exlianstion ; others are mechanical in ap])earanco, but excited by 
Ciiuscs which simple physical laws will not explain; while a third 
kind dejamd upon the contractile quality of the protoplasmic sub- 
.staiiccs, which gives rise to automatic movements comparable to those 
of the lower animals and to the ciliary motion found in particular 
tissues of the highest animals. 

S!)2. To the first of these classes belong such phenomena as the 
bursting of seed-ves.sels, anthers, &c., attribntable to the hygroscopic 
conditions of the tis.sncs, which, possessing unp(]ual power of imbi¬ 
bition and nncqual elasticity, arc torn apart or curved in various 
ways by unequal ooiitractions and expansions, caused by access or 
abstraction of moisture. These are ca.scs of what is called in 
eonimou laiigtiage “ warping,'’ and eaii seareely be regarded as vital 
libenomemi. being definite modes of destruction of dead structures, 
resulting from special structural conditions. 

StCk Tlio second class of movements are those exhibited periodi¬ 
cally, or under special stimulus, by the ('xternal organs of plants, 
such as the “ sleeping ” and “ waking ” of leaves and flowers, and the 
movements of tho Sensitive Plants, &e. To these may perhaps be 
added tlu' Ic.s.s .striking, but not less enigmatical, movements which 
caiis(' the twining condition of stems &c. 

s!)4. The movements of the third class are those already adverted 
to in former sections, where the protoplasmic matter of ecll-eontcnts, 
or free bodies, such as zoospores, si)ermatozoids {§ 737), or even 
])erfect indinduals, such as Di'smidiefr, OsciUatoriaccoe (p. 439), ex¬ 
hibit tem])orary or permanent power of locomotion. 

The rotation of the protoplasmic ccll-contonts (§ 736) doubtless de¬ 
pends upon (imperfectly understood) causes similar to those which 
render many of tho simpler plants locomotive; and the movements 
e.xliibit the closest resemblance to those of some of the Protozoa in 
tho Animal Kingdom—in pJrticular, of Amivha and its allies. The 
locomotion of free products of the celVeontents, such as zoospores and 
spermatozoids, is generally immediately resultant from the movement 
of ciUn existing upon their surface ; and the same statement applies 
to the locomotion of the “ cell-families,” which form the represen¬ 
tatives of species in the Volyocinese (p, 440). The locomotion of 
the Oscillatoriacese and Diatomacece (p. 439), however, does not 
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appear to he effected through the ngoncy of cilia; at all events 
no such structui%' can be detected with our present means of ob¬ 
servation. 

The ciliary motion of the unicellular plants and reproductive bodies is, 
although inexplicable, a more general phenonienon i>t life than the move¬ 
ment of the Diatoinacese &c., where these organs are not defected. Some 
authors incline to regartl the motion of Diatomacea} a^epeiident njiou 
osmotic currents, resulting from the interchange of matter hi!tween the 
eell-eoiiteuts and the surrounding water. 

895. iloveincnts of various kinds, more or le.ss mechanical in 
appearance, take place in the higher plants through the jmwr of 
imbibition and the elusticiti/ of their tissues; these movements arc 
generally immediately produced by stimuli of various kinds disturbing 
the equilibrium in the ti.ssues. 

Great ditrerenee iu the power of imbibition exists in dilTerent kinds of 
cellular tissue—colleuchymutous tissue (§ (119), for e.xample, swelling out 
when wetted, and contracting when dried, far more than woody structures. 
Experimeuts have showu that the degrees of e-xpansion and ooutniction 
vary in dilferent plants and tissues of plants iu a range from to i 
the diameter of the cells. In cases of great contraction a wrinkling of 
the cell-membrane is generally involved. . 

All living ctdl-mtmibraiies {) 0 .s.sesa 1i certain degree of elasticity; and 
consequently a certain amount of dilferenoe of dimensions is dependimt 
upon the degree of tension or turgescence of the cell from the pre.sence of 
tiuid contents. Celks in which osmotic proci‘.ssea are going on are con¬ 
stantly in a state of gniater or less tension. 

The e.xpansioii of eidlular tissue through turgescence, permitted by the 
elasticity of the membranes, appears to have a much smaller range than 
the expansion by simple imbibiuon. The experiments f)f Unger and of 
Brucke give a range of to j. 

896. It* is evident that the elasticity of parenchymatous tissues 
must be capable of exerting influence on the position, form, and 
direction of the organs of which they form part. Supposing a tissue 
tb be uniformly developed, its expansion through turgescence need 
not alter the general form, nor the relative position of the parts; but 
if unequal endosmoso take place in different parts, causing distur¬ 
bance of the equilibrium of turgescence, curvature and distortion 
must ensue. Again, if an organ is composed of regions in which the 
tissues differ in degree of elasticity, may suffer a disturbance 
of the equilibrium of turgescence still more readily; and this is pro¬ 
bably the cause of most of tlK automatic movements of organs of 
plants. 

897. The equilibrium may be disturbed by various stimuli, mecha¬ 
nical and chemical. When an organ is strikingly affcAed by mecha¬ 
nical influences, wo have the phenomenon of “ irritability,” such as 
we see in the Sensitive Plants, Ditmaea, &c. The “ sleep” of plants 
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is doubtless a phenomenon differing only in degree; and this slower 
movement is prol)al)ly attributable to the chemical action of 
light. 

Mils. Iho movements of plants eonsist for the most part of the 
eurvatnro or the folding-up of organs; and in such cases the organs 
are always found to possess certain peculiuritics of structure and 
mode of union fb other organs. 

I he movements take place j)ciiodieally (in consequence of the 
regular alterntitions of external influences), or irregularly (from the 
aceid(>ntal influence of special stimuli). 

S!)9. Periodical movements are more particularly connected with 
the influence of heat and light; and their degree is generally more 
or h'ss proportionate to the intensity of these influences. 

'flic most common kind of movement is that in w'hich expanded 
leaves or floral envelopes fcturu to the position w-hich they originally 
occupied, or close up into the same folds which they exhibited in the 
bud.s. 

('oinpouiul lea\-e.«, like tho.sc of Legtiminos.-e for instance, display a 
simple or compound movement; in the Jlean (jF'>(i« rw/>/rtn‘«) the leaves 
fold upwards, in Ltfjtinw downwards, in Tnmarmdm to the side. In 
Anitirpha fruti'cnsa and (ilftlitschin JrinranthoK the vachis or common 
petioli' of Ihe compound leaves rises or sinks, while the leaflets turn down¬ 
wards or U> the side. In Miniosd pwliva the leaflets fold together, the 
partial petioles approach each other, and the, rachis o];inaiii petiole sinks 
down. 

Ulh). When such movements of leave.s or foliacoou.s organs occur 
at particular hoiir.s, and the struetures remain in the new position 
until the reeiirreiiee of a parlieiilar period, the closing up is called 
tiwslfrp of phintft, which is observed botli in green leaves and in the 
petals of flowers. ^ 

The epoch at which the movements take place is very varied. 
Ordinarily, Ifaivu expand in the daylight and close towards even¬ 
ing, while flowers I'xhibit a great diversity of habit in this respect— 
so much so, indeed, that. l.iiiiuTus was enabled to draw up a list of 
flowers, fniieifully termed a “ floral clock” (^hoivlotjiam Florce), in 
wliich a periodical movement (opening or closing) marked each sue- 
(■('(‘diiig hour. 

Ipomwa Kil and Culpdepia aepium open their flowers at .t-f a.m. ; Tra- 
f/opoyon at .“1-4 A.M., elosiiig nfaiii heiore noon; the Nymphetc, Nuphar, 
Ijuima, itc., about 6 a.m. : AnayuUis arrensu, 8 A.>r. (closing again when 
the skvis overcast); OntithoyaUern umbelhifitm,!!A.yi .; Me.sembryanthacese 
genorallv about 12 ; Stlette noctiflora, (Enothera hiemiis, Mirubilui Jalapa, 
&c., 6-7" i’.m. ; Ceretia yrandiftoms &c., Datura, Meaembryanthenmm noc- 
t^lruni, See., >-8 f.m. Victoria regia opens for the first time about 6 p.m., 
and closes in a few hours, then opens again at 6 a..m. the next day, re¬ 
maining open until the afternoon, when it closes and sinks below the 
water. 
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Some closinp: flowers may be caused to open by exposure to stronp: arti¬ 
ficial light (CfocKS, Geiituinn verna); on others (Conrolvuliifi) this has 
no effect. 

901. In most of the periodical movements the motion is very 

slow; but certain e.vceptions to this exist. Thus in the leaves of 
Dexmodium (ji/rans and other species, the Irihellum of M('</(idin.iiim 
falcatum, the styles of adnatvm, .and others, the move¬ 

ment is quick enough to he directly perceptible. 

In Desmodium ffi/rans (the Telegvaph-plant) the trifoliolate compound 
leaf has a large, terminal leaflet, and a smaller one on each side. When 
this plant is exposed to bright sunlight, in a hothouse, the end leafh't 
stands horizontally, arid it falls downward in the evening; but the lateral 
leaflets move constantly during the boat of the day, advancing edge^first 
towards the end leaflet, and then rrdreating and moving towards the ba.se 
of the common petiole, altermitr'ly on each .side, in a manner vor}' well 
compared to the movements of the arms of the old semaphore tdegraphs. 
In meqaclimwn falcatum (Orchidaoem), when expo.«ed to .snllicirmt heat, 
the labelliim rises and falls slowly in periods of several minutes: this 
structure is also irritable, and nioVos more quickly, with an o.scillatory 
motion, when touched. 

902. Irregular or irritable mof'cments take place in a great variol y 
of plants, of which the following paragraph contains the most 
striking examples:— 

Leaven : The “ .Sen.sitive Plants ” {Mimnna pitdlca, minitivn, ca4a, and 
many other species); JKichi/nameuc minitiva, indiea, jmmiln ; dmithia neuri- 
tiva; Desmant/ninntobmifer, triquetrin, lacuntrif, Oxalinnciieitiva, and, in less 
degree, Oxalis stricta, Acetosella, corniculaUi, Ih’ppei, &c,; liohmin Pneudn- 
acacia folds its leaves when violently shaken in the morning; lastly, 
Dimiaa mmcipula, the Venus’s Fly-trap. 

In the case of the sensitive plant {Mimosa pudka) there is a swelling 
at the base'of the petiole, the cells of which constitute, as it were, two 
springs acting in contrary directions, so that, if the one from any cau.se bo 
paralyzed, the other pushes the leaf in the direction of least resistance. 
These springs, if they may be so called, are set in action by the rush of 
fluid creating a turgid state of the one set of cells and an enqity state of 
the other. What circumstances regulate the turgescence are only im¬ 
perfectly known. The spontaneous slow movement whi(!h occurs at 
stated periods (movements of sletiping and waking) is different from the 
sudden motion caused by external stimuli. Ether paralyzes the latter, 
but has no effect on the spontaneous movements. There is no special 
contractile tissue in these plants. ^ 

Stamens —curving towards or ajvay from the stigma and dehiscing when 
touched: Berberis vuh/aris and otlier .^ecies, Parietaria judaica, Spar- 
mannia africana, Germs grandiflonis, Ilelianthemum vulgare and other 
species, and various plants of the tribe Cynareee (§ 44.S). Other curious 
movements of the stamens and pistils, and also of the staminodes, are 
alluded to under the head of Fertilization (§ 869). 

Style ; Goldfmsia anisophyUa, Martynia, Mimulus Leivisii, See. 
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90.}. riie peculiar movements of the pollen-masses of Orchids have 
already been alluded to (]>. 1383). Another illustration from Orchis 
jijiraiiiidalis may here be gi^■on. In thi.s plant the two caudiclcs of 
the pollou-niasses are connected together by a saddle-shaped disk, 
the polleii-niasses when in the anther being nearly-vertical in direc¬ 
tion and ])arallel one to the othcjr. When removed from the anther 
by the proboscis of an insect or the point of a needle (fig. 559, a) the 
saddle-like disk contraots so as fo attach the pollen-mass to the 
needle &c. Then occurs, first a, divergence of the two pollen-masses 
one from the other, and subsequently a deprcs.sion, so that they 
assume a nearly horizontal direction (fig. .559, h). In this position 
they arc so ])laced a.s to come into contact with the Y-likc stigma of 
another fiower and thus ctfect cross-fertilization. 


Fig. .559. 



90-1. Tho.se movements of young stems and appendicular organs 
by which they coil spirally round bodies supporting them are 
attributed by some authors to a kind of irritability, the stimulus of 
the contact with the sujiporting body causing the growing stem to 
curve itself oviT continually, producing ultimately a coiled condition. 
The direettion of the turns of the coil, right- or left, depends upon 
sjiecial tendencies of the particular plants, some (Hop) turning to the 
right hand, others {donvolvulus) to the left (the observer supposing 
himself to stand in the axis of the. sjural). 

9(t,5. This explanation of the eoiling of stems is not very salis- 
factorv, uor arc those which are offered of the curvature of the 
growing-points of plants and the u])per face.s of leaves towards 
the light. If a leafy shoot of any plant is bent down, without injury, 
so as to reverse the usual position of the faces of the leaves, the 
latter wiU twist upon theirlpelioles and turn their upper firccs to 
the light. Shoots of slender-stemnjed, quick-growing plants, such 
as the Jasmine, Ampelopsis, &c., when trained into a dark recess, 
turn their growing-point backwards in a sharp curve, and grow 
towards the tight, the leaves on the older part of the stem also twist¬ 
ing round to face the light. The influence of lateral light is di¬ 
stinctly seen in plants grown in rooms, in front of windows; while 
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the “ drawn-up ” condition of closely planted trees is an equally evi¬ 
dent result of preponderating top-light. 

The phenomena of the movements of climbing plants, including the 
spontaneous revolving movement of tendrils &c., and that dependent 
on contact, have been .studied in detail by Mr. Darwin, who has 
shown that organs of the most diverse morphological character may 
nevertheless exhibit the same phenomena. The movement of de¬ 
pression in the branches of trees in frosty weather has been investi¬ 
gated with great minuteness by Professor Caspary; but the inducing 
causes of the movements are at present imperfectly known. 

It appears, from the evidence at present existing, that the blue and 
violet rays are the most efficient in causing tlie growth of stems &c. towards 
the light. It is certain that the result is not produced by any attraction 
comparable to magnetic action, but by influence on the development or 
turgescenco of the tissues, since experiment lias shown that seedling 
plants freely suspended or floating in water are not mechanically moved 
towanls light admitted to thorn from a particular point in a dark 
chamber. 
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PART IV. 

GEOGl^APIIICAL AND GEOLOGICAL 
BOTANY. 

CHAPTER I. 

GENERAL CONSIDERATIONS. 

!.)06. Tlio object of this department of Botany is to determine the 
laws which rule over the Distribution of Plants in Time and Space. 
This abstract study is founded upon the foots furnished by Botanical 
Geography and Geology, or the (]pseription of the present and past 
conditions of the Vegetahlo inhabitants of the globe, and, in return, 
supjdies those branches of practical inquiry with principles by means 
of which they may be systematized. • 

lintumcal Geography, which undertake.^ the description of the pecu¬ 
liarities of the vegetation occurring at present upon the earth’s surface, 
and lioinmcal Geoloyy, which pursues the investigation of the conditions 
of vegetation which have successively existed in ditterent Geological 
epoclis, deal witli fiuds so far distinct in llieir character that it is most 
convenient to treat of them separately; but the priucipleg are common 
to both, and may he taken as one subject. * 

Kxplanations of the facta which are obtained by geological inquiries 
can only he securely founded, either directly or indirectly, upon laws de¬ 
rived from facts furnished by experience of existing phenomena; hence 
the principles laid dovsTi in the present chapter are for the most part 
only aetually valid in relation to existing conditions, and, the subject yet 
being in its infancy, are mostly only speculatively applied to the elucida¬ 
tion of geological phenomena. 

Sect. 1. Influence of IIxxernal Agents upon Vegetation. 

Climate. 

1)07. Plants are endowed witb means of diflusing themselves, more 
or loss eflicic?lt]y in diflerent cases, over the surface of the globe; but 
in most cases their existence is limited to certain regions or countries. 
Geographical obstacles prevent their spreading indefinitely:—some 
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subject to be overcome by iiccidental infliUMices, .siieli as seas inter¬ 
vening between countries, amt the like ; otbevs which can neither be 
conquered nor evaded, such as c/iaiab, which lixes unaUerable limits 
to the stations cvhich can be j)('nuanently occupii'd by sjx'cies. 

908. That Cold and Heat, Itarap and Drought, intensity and du¬ 
ration of Light, the chief constituents of what av<' call Climate, are 
the most important of the external inlluenccs .acting upon jdants, is 
a fact manifest not merely from the eonelu.sions at which we have 
arrived in the study of Vegetable Physiology, but one whieli is re¬ 
vealed by the most slender experience of horliculture and the most 
superficial aequ.aintance with physical geography. 

The nature of the soil doubtless has also much influence on the 
distribution of plants, dependent less, probably, on Its chemical com¬ 
position th.an on its mechanical constitution and liygrometiie state. 

9U9. Every species of plant flourishes best within a certain range 
of temperature, beyond which, on both sides, it cither suffers from 
summer heat or is killed by winter cold. 

910. If the earth’s surface! were of uniform ebaraejtor, we might 
expect to find forms of vegetation arranged in bauds or zones suc¬ 
ceeding each other from the ceiuator toward the ])oles, each occupieed 
by plants ‘‘ hardier” than those of its eqiiatoiiul noiglihoiir. Such 
/.ones of vegetation have in fact been laid down by botanical geo¬ 
graphers. Meyen drew up a plan, in which a number of zones 
Averc marked down, defined on eaeb side' by lines passing round the 
earth at certain parallels of latitude, between which a eertain average 
climate was assumed to exist. 

But, from the Avant of uniformity of the surface of the globo, the 
isothermal lines, i. e. lines passing through .spots which bav<! an equal 
annual temperature, by no means cornispond to ])arallels of latitude— 
the distrilvition of land and sea, and the alternation of jdains and 
mountains, deflecting such lin(!S to tlie north and south, someliines 
to a A'ery great extent. In addition to this, from tlie diA-ersity of 
habit of plants, they are differently affected by bent and cold, and 
the distribution of species is far more influenced by the summer and 
winter temperature tha!) by the entire amount of heat received 
during the year. 

Nevertheless, as a general rule, jdants have a polur and an equa¬ 
torial limit, fixed by temperature. 

Temperature as regards plants may b« divided into useful, useless, and 
injurious or destructive. Each plant n quires a certain sum of heat to 
live, so much more to flower, more still to ripen its fruit, &c. Within cer¬ 
tain limits it is immaterial whether the jdant get this heat in a short period 
or diffused over a longer time. Temperatures below.“12“ E. are useless to 
most plants (that is to say, vegetative action is arrested); but many sur¬ 
vive at a much lower tempei-ature. Every plant has a zero of its own. 
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id 1. An important qualification arises from the existence of high 
niouiitains within temperate and tropical latitudes. The tempera¬ 
ture. of t,hc soil and atmosphere diminishes with the degree of ele¬ 
vation above the surface of tlu^ ocean ; and a succession of limits are 
louiul ujxm tlio sides hij;li mouiitairis comparable, and in a great 
degree proportional, to the polar and cijuatorial limits of plants. 
Mountains situated in the tropics possess zones of climate which, 
at successive elevations, resemble horizontal zones situated between 
the base of tho.iuouiitains and the poles. 

!>12. ^Moisltireaud drought arc only to bo called secondary climatal 
inlhieiHH^s, from tlie circumstuTice that they depend in a great mea- 
suro ujion tempcrat.ure, either directly or indirectl 3 -. In the Arctic 
regiims and upon mount.aiu-tops, covered with eternal snow, there is 
drought from the solidification of the water. In temperate and tro¬ 
pical regions (bo di grec of bnmidity is dependent not merely upon 
temiiei'atnro, but u])oii this combined with the configuration of the 
surfaei' of the eaiili and the nature of the soils. Wherever the tem¬ 
perature of (be atinospliero is above the freezing-jioint of water, it 
takes up aiineoiis vapour : even icc evaporates in warm air; and 
Wat IT evaporates in jiroportion to the temperature to which it is 
exposed. 

'file ocean, esju'eially in wanni.alitudes, gives up vast quantifies 
of aipieous va]iour to the atmosphere, whiih it delivci'.s iii very 
various ways to the land regions. Islands and ooasts in general 
have a moist climate, wliile the interior of continents is dry; but 
these rules an' iiiterfered with hy currents or jircvailing winds, 
carrying air loaded with moi.stnrc in particular directions. As .an 
(ixaniple of this, we find the west coast of Europe with a much 
dam|>er climate than the op]»osil(! east coast of America, owing to 
tlu^ (iiilf-stream and the winds bringing the moisture of ^he West- 
Indiaii Sea in a north-west eurrent on to our coast. On the con¬ 
trary. the prevailing winds Itlow off the west coast of North Africa, 
amrtliosc rt'ctdved on the north-east side come from over dry land, 
whence a vast tract of land lying in this continent becomes an arid 
desert. 

I'bero is a great, diftcrenee also between mountainous and flat 
count ries. Tin' cold uppi'r regions of tropical mountains arrest the 
prevailing emrents of air and ])re( ipitato the moisture which they 
contaiti. Ilcaute the tracts at the foot of mountains are well supplied 
witli moisture if the altitude is su%ient, as at tlie south slope of 
the Himalayas and the east slope of the Andos. yEtiia, which does 
not reach the lino of perpetual snow in Europe, has arid and barren 
slopes in the i^)pcr regions. 

These very general indications of climatal influence must suffice here 
to show how iirfportantly vegetation is afl’ected by physical influences. 
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A complete account of this branch of the subject would rcc[iure a volume 
for itself. 

913. Of all the influences to which plants are exposed, climate is 
the most important; it sets absolute limits to species, which is not 
the case with any other of the causes affecting distribution. 

Seemdan/ Natural Influences. 

914. There is no doubt that the distribution of plants is greatly 
affected, by the conveyance of seeds, fruits, &c. from place to place 
within the same climatal region, by marine currents, rivers, winds, 
&c., and by animals,, especially birds. 

.tVn example of difiitdon by marine currents is furnished by the occur¬ 
rence of the Cocoa-nut Palm fringing the islands of tlui Pacifle; and it i.s 
probable that the mixed vegetation of many islands is to be accounted 
for in part by sucli causes. Marine currents are of most importance' when 
they pass along eofist.s, or across tracts of ocean in similar latitudes—such 
as that part of the (.Tiilf-stream running in the Mexican C ulf, the cur¬ 
rents running from Madeira to the Canarie.s, from the last to Senegal, 
the east-to-west current of the Society Islands, &c. Rivers will also be 
mo.st influential when they flow from the east or west. Currents of any 
kind passing northwards or southwards are less likely to convey seeds 
&c. into a suitable climate for their'iiaturalization. 

The winds do not appear to be very intliiential in transporting Phane¬ 
rogamous plants; but the cosmopolitan distribution of the Crj’ptogamia 
is at least partially attributable to the facility with which their micro- 
sccniic spores are carried away by currents of air. 

Icebergs probably have some share in diffusing plants, since tliey are 
often found loaded with masses of earth containing seeds, wliich they 
occasionally cast upon strange shores. There is reason to believe that 
this kind of influence was far more actively at work in North Europe in 
the geological period preceding the present. 

The trinsport by animals takes place partly through migrating birds, 
partly by quadrupeds which have wandering habits. Among birds, man)' 
of the omnivorous kinds (for instance the Thrushes) migrate from north 
to south in autumn, at the time when berries and similar fruits are ripe, 
and they often void the seR<ls of these fruits little altered. Animals 
which, like the northern Reindeers and the Buffaloes &c. of other lands, 
travel from place to place in troops in search of food, doubthiss often 
carry seeds and fruits adhering to their fur into new localities. Flocks of 
animals transported through human agency become more fruitful sources 
of this influence. 

915. Animals may likew'ise greatly affect vegetation in tho way 
of limitation. The invasion bf a region by flocks of graminivorous 
quadrupeds, the sudden appearance of plagues of locusts or any 
other of the numerous insect enemies of vegetable Jife, may quite 
change the character of the vegetation of a district, somewhat in the 
manner in which a totally different assemblage of plants springs up 
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on tlio ground cleared by burning the primaeval forests of South 
America. 


Effects of Human Interference. 

916. The results of the activity of man display themselves in both 
extensions and limitations of the distribution of species. 

From the time of the earliest migrations of the human race, cer¬ 
tain plants must have been in a condition of constantly increasing 
diffusion. Th« native countries of our Cereal grains are not satis¬ 
factorily known: they have been or arc cultivated wherever they 
will grow in Europe and the adjoining parts of the other continents. 
Doubtless many of what wo call weeds have shared in the transport 
of the seeds of useful plants, having been either mixed with them or 
accidentally adherent to the clothes, goods, or domesticated animals 
of the wandering races. 

Transj)ort of this kind would be still more active as agriculture 
extended; and wars, the improvement of navigation, the discovery of 
the New World, and countless minor events contributed (o increase 
the interchange of the natural products of ditlerent regions, either 
iutcntionally or by accident. 

Systematic cultivation of land^s peculiarly favourable to the in¬ 
termixture of new elements in the floras of particular regions, from 
the fact that seeds of many varieties of nsefiil plants are constantly 
imported from climates where they ripen better or aan be kept more 
easily at a higher Standard of excellence. 

Clovor-socd, for instance, is largely imported into Britnin from France 
and Germany ; many of the weeds of our arable lands have doubtless been 
introduced with foreign seed, such as Athiiis aiitunmalis, Veronica liux- 
bamiiii, Paparer somnifernm, &c. Ballast-heaps at sea-ports, where vessels 
returning Wue from ’ foreign countries discharge their ballajt, have be¬ 
come frequent sources of new importations; and merchandise, sjich as 
cotton, but especially seeds, fruits, dye-stuffs, &c., often contains seeds of 
plants, some of which now and then a<;quire a footing. 

Horticulture is so evidently one of the most important influences in 
the diffusion of plants, that it is scarcely requisite to dwell upon it. 

918. On the other hand, human industry has a great tendency 
to exterminate particular forms of vegetation, or, at least, to greatly 
affect their relative predominance in a given region. The destruction 
of forests for the purpose of |clearing land for cultivation changes 
the w'hole face of vegetation, ahd evfii, to some extent, affects the 
local climate. 

Instances of change of this kind might be furnished from almost every 
part of the gl<ibe. North Europe was clothed in early times of the pre¬ 
sent period with dense forests, long since cleared away to give place to 
cultivated plants and a multitude of wild plants suited to the different 
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conditions of the soil. The forests of North ATiierico are, in like manner, 
disappearin;>: by degrees under the hand of man. 

The change is not merely one kept up by a continual eilbrt of cultiva¬ 
tion the original \ egotation does not always reestablish itself when the 
region is deserted. New kinds of plants spread over the cleared ground 
and new animal inhabitants come to check the efforts of the old fore.ststo 
renew themselves. 

Sect. 2. Influence of tub Laws of Di:vblocmp;nt of Plants. 

Oin. If wo leave out of view the question of the origin orcreution 
of plants, there is iio reason why any given species should not exist 
in all places whore the climate is suitable. 

Some kinds of plants are, indeed, very widely .spread over the surface of 
the globe. Dr. lloolct'r lias enumerated upwards of .’lO specie.s of Klower- 
iug plants common to Northern Europe and the. Aiitarctic regions. A 
considerable number of Nortb-Europeun species extend round the globe 
in northern latitudes, in the colder parts of Nortli .\merica and Asia. 
Not a few of our plants occur also on tlie lliinalavan .Mountains. E/n- 
lobium tdratinnum, a llritish species, is found in (.hitiada and in Tiena del 
Fuego. Our white Ilcdge-t'oiivolvuliis, with .some other Jiritish plants, 
occurs in the (talapagos Islands. Many of the Falkland-Island plants 
are mot with also in Iceland. I'huituij’> nidrilimn, a common .sea-side plant 
with us, is found at the Cape of Ooel Hope and at the southern extremity 
of America. 

920. Instances, however, of such co.smopolitau plants arc cxce])- 
tions to the ruhf, and the majority of the plants occurring over wide 
extents of the globe jirescnt characters which facilitate tlu-ir dif¬ 
fusion by natural or artificial intinetices. 

The plants (Phanerogamia) occupying even one-third of the earth's sur¬ 
face are but a small fraction of known plants. Many of these are aipialic or 
subaquatic plants; and a considerable number ladong to the list of weeds 
which acewmpany man, growing in <mltivated land or rubbi.sli Ac.; few 
or no woody plants occur in the lists hitherto published. 

921. It is observable that those cosmopolitan species wliich occur 
widely spread over two continents arc found also in the adjacent 
islands. 

The arctic plants occurring in the continents of the Old and New 
World are found also in the Faroes, Iceland, and the Aleutian Islands. 

922. On. the other hand, certain plants occur only within very 
narrow limits ; this is the case with many continental species, but 
more particularly, with insular plants.-' 

St. Helena, Kerguelen’s island’, Tri.stan d’Acunhn, Madeira, &c. haj^c, or 
once had, peculiar species ; the archipelagos of the Canarie.s and tlie Hala- 
pagos have speeie.s pcetdiar even to particular islands; Califoniia, the 
Cape of Good Hope, certain regions of the Andes, &c. possess species 
strictly limited to those regions. 

923. The floras of many islands which^ possess peculiar species 
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include, besides, a greater number of species common to tho islands 
and the nearest continents, or other islands, or both. 

Of 072 species of Phanerogamia and Ferns occurring in Madeira, 85 
only are peculiar, and 480 occur also in Eureme. The Azores have 280 
out of 425 in common with Madeira, The Canaries and Madeira have 
312 species in common, Madeira and Gibraltar 170 in common. Great 
Britain lias no species of Flowering plant peculiar to it: some of its 
plants arc common in Central Europe, others in Western Europe ; others, 
again, extend through the Faroes, Iceland, North Europe, and North 
Asia and America. 

924. Generally speaking, the species of plants of a continent are 
found most abundantly over a particular more or less extensive tract, 
growing scarcer, more or less suddenly, at the margins of this space. 
Such a space, called the area of distribution of the species, in these 
cases exliibits a centre or point of greatest intensity of occurrence. 

92i). The areas of many plants extend not only over continents, 
but over detached islands, and even to other continents. In many 
instances species arc spread interruptedly over their area, as is the 
ease with tho alpine plants common to Norway, Scotland, and the 
Alps, &c. 

926. It is usual to find tho maximum of a species in one country, 
forming a single centre; and thi%same species docs not recur again 
with a centre in a distant spot with a similar climate and soil. But 
representative species of the same genus occur not unfrequently under 
sucii circumstances; and this is still more the cas8 with genera of 
particular Orders, sometimes also with Orders of like habit. • 

Thus, the Violets of Europe and those of North America are distinct; 
the dwarf Palm, Ckamarops humilis, of Europe, is represented by C. 
Palmetto in North America. The Heaths {Erica) of Europe are repre¬ 
sented by different species at the Cape of Good Hope. The East and 
West Indies and Africa have their peculiar I’almacem, Zii^beraceae, 
Marantace®, &c. The succulent Oactacem^f Central America represent 
the fleshy Euphorbiace®, Asclepiadace®, and Mesembryanthace® of 
Africa. The Cape Heaths are represented in Australia by l^cridace®, 
associated in like manner with Myrtace® and Proteace®. The Firs of 
the southern hemisphere belong to genera distinct from those of the 
northern hemisphere, &c. 

927. The evident absence of a constant relation between the 
existence of certain elimatal conditions, and the occurrence of par¬ 
ticular species of plants—st^l more, the existence of limited areas 
of distribution, often exhibitmg centr^ of greatest abundance—have 
led to the supposition that the individual species of plants have been 
created at particular centres, whence they have spread themselves 
over more or*less extensive tracts, in the course of their extension 
becoming intermixed with other species, and thus producing complex 
assemblages. 
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The spreading' of what are called social plants, such as pasturo-Grasses, 
Furze, various forest-trees, &e., illustrates the facility with which many 
plants extend themselves over now gi-oimd. The Amicharis, a North- 
American water-plant, has been diflused all over England within the last 
ten years. The diffusion of certain plants is also greatly dependent on 
the success of some plants over others in the struggle for existence which 
is ever going on in nature. It does not follow that the wold plants in any 
given area are those which are best adapted for that situation. They aw; 
often the weakest, and are overpowered by other plants. In this way 
native vegetation constantly gets exterminated by foreign intrud<'rs. 

928, In this hypothesis, it is unimportant whether w'e iiiiaginc a 
single plant (or pair of dioecious plants) or a more or less extensive 
assemblage of individuals to have been created on the same spot. 
Tills is a question impossible to he solved by science. 

Some authors believe that species have been created at many points 
where the conditions were fitting, explaining in this way the interrupted 
areas of certain plants. 

929. The facts revealed by Oeologjq as w’ell as by Botany itself, 
tend to prove that the creation of spa-cies has been not. simultaneous, 
but successive, in different geological periods. Not only do we find 
fossil plants different from living vegetation in the older formations, 
but those beds immediately preceding the present surface of the 
earth contain not only remains ot animals of existing sjKicies, hut 
fossil plants closely resembling, if not identical with, existing plants. 

930^. Numerous cases of scattered distribution of existing vege¬ 
tation cannot be explained by reference to existing iufluence.s, suel! 
as transport &c. (§§ 914, OKJ). Thus .species with large seeds grow 
in countries between which exist apparently insuperable obstructions 
to transport; many species are common solely to the tops of very 
distant mountains ; many widely distributed acjuatic plants produce 
seeds whi(^i sink to the bottom of the water when ripe, &c. 

Again, species are wanting in regions so well adapted to their 
existence that, when artificially introduced, they establish themselves 
like natives. Certain countries, separated by broad oceans, have 
more species in common th.an either the distance or nature of their 
climate would render probable under ordinary circumstances; while 
contiguous countries, with similar climates, sometimes present very 
different species. 

Some countries are remarkable for a great number of species in a 
given area, others for paucity of specie^. 

Lastly, species of simple struqriire (Utlshes, Grasses, &c.) have often 
wide range, even though their seeds arc not more easy of transport 
than usual, while others of higher organization, with seeds or fruits 
easily transported (Composite &c.), often occur in'very limited 
areas. 

931. To sum up these statements, the occurrence of each species. 
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as a general mle, in one region rather than another, their abundance 
in particular localities, the extension and especially the disjunction 
of species destitute of efficient means of transport, the non-exten¬ 
sion, on the contrary', of species possessing seeds easy of transport, 
certain analogies and certain differences between the floras of several 
countries, and their relative richness in distinct forms—all these 
important jdienomena are inexplicable by causes now in active 
operation: and we are consequently led to seek their solution by 
the aid of geological inquiries. 

Edwai'd Forbes was the first to open this lino of inquiry, in a most 
acute and ingenious Fissay on tlie Origin of the existing Flora of Britain. 
Br. Hooker Inia pursued the same lino of reasoning in his inquiries into 
the botanical geography of the southern hemisphere. 

Sect. 3. (rEOLOOICAL IxFlUENCES. 

t)32. Natural Science is incai)able of elucidating the actual origin 
or creation of organic beings; hut it socks to trace up, as nearly as 
poHsn)lc, to the earliest periods tlio phenomena exhibited by created 
things or beings ; and the botanist seeks, by gcc)gr.aphical and geolo¬ 
gical inquil'ies, to discover the probable aboriginal localities of species 
of[iJanls. ^ 

It i.s impossible to say in what part of tlio globe plants first appeared. 
rr(d)al)ly they grow on lands now submerged beneath the ocean, or, still 
more likely, they were perishable aquatic plants whiel^have left no trace 
of their existence, (ieidogv teaches that the dry land of the globe has 
been .successively elevated ainl (h'pres.sed below the .surface of the .sea at 
various epochs .since plant.s were iirst created; lienee there have existed 
suci-e.ssivo and variable eeiitre.s of creation. There may have existed 
means of communication hotweeu ditfenuit centres, so that species may 
hii\ '■ passed over from one to another, and in this way survived in a new 
locality the destruction of their birthplace. , 

!):{3. Species have made their appearance succes.sivcly during 
different geological epochs, and have had more or less exten,dcd 
duration. 

Frobahly most of our existing species date from an epoch anterior 
to that at which the existing continents acquired their present con¬ 
figuration. 

They may have spread widely in ancient times, and their area. 
may have been broken up subsequently by obstacles now insur¬ 
mountable. They may havciiecn transported in past ages by causes 
not now in operation. 

1 

or! 
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or former wide diffusion, as well as by supposing creation at various 
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934. The species at present confined within small areas, in spite 
of means of transport or continuity of land and suilahlc climate, 
would appear to be those of most recent creation ; that is, they seem 
to have originatod since the existing continents were formed. Widely 
spread species which are difficult of transport are probably the most 
ancient. 

935. In the comparison of successive geological formations, it ap¬ 
pears that the earliest plants were chiefly species of sim)>lo organiza¬ 
tion and few in number—and that by degree.s more highly organized 
plants, were added and replaced many of the earlier ones, which 
perished. In existing vegetation the simpler kinds seem to be the 
most ancient, and • those of more complex structures moi-o recent, 
judging from the wider difl'usion of the former than the latter. 

Ligneous plants established themselve.s in northern and tcmpenito 
countries at an epoch wlmn the climate must have; been more liumiil atid 
more cloudy than at present. At the pre.'<ent lime, r(>gions in tin- South 
of Europe, North Africa, the Canaries, the Southern I'nited States, and 
elsewhere, once cleared and exposed to tlie influene(> of tin? s\in, do not 
become clothed again hy fore.sts .sncli a.s tliay po.ssessetl formerly. (Vnii- 
feras and Amentaeoous phmt.s, which form the ehief eonstituents of fov.'.sts 
in these regions, are Phanerogamia of low organization. Their prohahlo 
antiquity, judging from their occurrence in masses in certain countrii's, 
confirms the view that existing specitv arc of umvpial antiquity, and that 
the older species are of lower type. 

93fi. Tho facts of existing Botanical (Icography are in general 
clear and concordant, if wo suppose thiit the most ancient syutcies 
of Phanerogamia are, first the majority of i)laiits cither aquatic or 
loving moisture, then many northern and tilytine plants and most 
of the trees of our temperate region.s—and if we supjtose at the same 
time that the most recent species occur principally among the j)lunt8 
of warm r^ons, among tho Dicotyledons with an inferior ovary and 
a monopetaious corolla (such as Compo.sittc, Dipsacctc, t’amytiinulacctc 
&c.) and among the other Phanerogamia with structure eomyilictitcd 
in other respects (such as Orchidacete, Palrnaceac, Apocynacca:, Ascle- 
piadacem, Cucurbitaccaj, Pas,sifloracctc, liegoniacetc, &c.). 

The considerations stated in this Section arc derived, with slight modi¬ 
fications, from the ‘ Odographie Botanique ’ of Alnh. Do Candolle, a nio.st 
important general work on thi.s .subject, which should bo studied by all 
those who are interested in these question.s. 
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CHAPTER II. 

BOTANICAL GEOGRAPHY. . 

Sect. 1. HisTniiiirijoN of Plants in Climatal Zones between the 
Equatok and the Poles. 

n;?7. The description of the actual conditions of vegetation on the 
surface of the* globe is a subject embracing a vast amount of facts, 
which are not only capable of being considered under many different 
jxiints of view, but in many respects offer at present only fragmentary 
materials for establishing principles. In the present work, where 
only a limited space can be allotted to this department, it is necessary 
to confine ourselves to a few of the ])riiicipai generalizations, calcu¬ 
lated to give all insight into the ehuracters of the study, but con¬ 
fessedly very imjieiTect as representations of the natural phenomena 
wit h which it deals. 

ft:58. In ihc preceding Chapter wo have seen that climate has a 
most important intluencc upon vegetation; and proceeding on this 
ground, it is possible to divide the surface into climatal zones, within 
which a eerfain average characj<w of vegetation exists. But mere 
temperature is but one of Ibe influences ; and it is evident that many 
diverse conditions must exist within such climatal zones, dependent 
upon the other influences above referred to (§§ 9(J7-912). Hence, 
although the genei al views afforded by marking out climatal regions 
are useful to the beginner, it is necessary to bear in mind that they 
are essentially suptu-fieial. In Meyen’s subdivision of the globe, the 
zones were defined by jiarallels of latitude; but the distribution of 
tempiTature, the chief agent hero regarded, is so irrelative to the 
I'arullels, especially in the northern hemisphere,that we ha^e modified 
them by ixofJu'niial lines obtained from Dove’s maps. The isotherms 
selected are mostly annual temperatures; but in defining the Aisctic 
regions it has a])))eared more natural to take the line indicating 
an e(|ual temperature in the months of September and July. 

9159. In the following summary the names of Meyen’s zones are 
retained; the peculiar limitation by isothermal lines is indicated for 
each zone. 

1. The JEqmtorial Zone, 

I 

This zone, as limited by us, comprojiends but a comparatively small 
range in the New World, and is most developed in the Old, e.specially in 
Africm. On consulting an isothermal map, it will be observed also that 
the larger portion of it lies on the north side of the equator, since the 
preponderance of land in the northern hemisphere deflects the isothermal 
lines in this direction. The boundaries are tho annual isotherms of 
7flP-3 Fahr. on each side of the equator; but it may be noticed that in 
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Africa, as -well as in Ilindoatnii, and in the Indian archipelago, there 
exist between these lines circumscribed regions in which the annual 
isotherms rise to 81‘’'6 Fahr. 

The cliaracteristics of this zone are marked by the extreme luxuriance 
of vegetation, from the great heat, together with tlie abundant moisture. 
The trunks of the trees attain enormous diameter; the ilow(!rs have most 
brilliant colours; and not only is the earth clothed most profusely with 
numberless forms of plants, but the trees are overgrown by Orchids, 
Aroids, llromeliacea', and Ferns, and matted togeJtlnjr by LiaHen, or 
gigantic rope-like woody climbers; so that the primeval forestn present 
such a dense mass of vegetation as to be almost impenetrable, even to 
the explorer who advances axe in hand. The Palms, the liannua tribe 
(Musacea>), arboreso(>nt Grasses, Pandauus, Scitamineje, and Orchidea; 
are very striking featuivs; the Fig-trees of most varied kinds, the Silk- 
Cotton-trees (Borabaeeae)also abound both in the Old and New Worlds; 
the Ciesalpinim, Malpighiacca-, Anacardiaj, SwieteuiiP, Anoncic, IJerlhol- 
lotiiTj, and Lecythidece especially mark the forests of America; tin; Sapin- 
dacese, Caryot®, Artoe,wpi, Sterculi®', Ebenaceai, Meliaeea!, Jiaurine®, 
&c. those of the Old World. In this zone also, in the Indian archipe¬ 
lago, occurs the most remarkable of the Ithizanths, tin' gigantic parasite 
i?(y^csia, with its flowers .’! feet in di.anieter; while in America this is 
almost rivalled by the Victoria Water-lily, and the .Xri.stidoehias with 
their enormous helmet-like flowers—.said, indeed, to be worn in sport as 
caps by the Indian boys. 

Kich as the vegetation of this zone is in gt-neral, we find within the 
limits some of the poorest tracts upon the globe—namely, where water is 
wanting. The African desert asid a jiorlion of Arabia are tlic mo.st striking 
examples; but the llanos of Venezuela are scarcely less parched and life¬ 
less during the diy season, and in the rainy season present only grn.s.sy 
plains like the steppes of Central Airia. The poverty of these tracts is 
accounted for by their peculiar position, cutting them off from the in¬ 
fluence of moist currents of air, their natural waterless condition bidiig of 
course dependent on the geological changes which gave them their pre¬ 
sent couiigaratiun. 


, 2. The Tropical Zones. 

These extend, in the north and south himnspheres, from the boundaries 
of the equatorial zone, at the isotherms of 7fF'd Fahr., to the isotherms of 
72°‘6 Fahr. Taken altogether, the characteristics of these zones, ns might 
be expected, are closely allied to those of the preceding, liio de Janeiro 
and Canton are cited by Meyen as instances of thi.s resemblance ; Palms, 
Bananas, Cannem, Meliace®, Anone®, and Sapindace® prevail (in humid 
districts) here, and Orchids, Pothos-liky plants, and lAanes abound. 
The Tree-Ferns, the Pepper-plan/s, Mehttftomace®, and Convolvulace®, 
however, become more prominent hero, and serve a.s distinctive charac¬ 
ters ; and it is stated that, in these zones, the forests exhibit fewer 
parasites and more underwood. That portion of the wes^^em coast of 
South America lying within the south tropical zone forms an exception 
to the general rule of luxuriance of vegetation, as does the inland tract 
of Africa bordering on the equatorial zone. 
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3. The Subtropical Zones, 

I’hoso arc bounded on the equatorial side by the annual isotherm of 
72°’f51‘ahr., and towards the poles by the isotherms of 08° Fahr. The 
countries lying within these enjoy the most delightful climates on the 
globe. Though the summer heat never rises to the intense heat of the 
torrid, zone, it suffices to ripen most of the tropical fruits; while the 
winters are so mild that vegetation is never arrested. Palms and Bananas 
are still met with in the plains, and arborescent Grasses form a feature of 
the landscape, both in America and Asia; but the most striking character 
of these regions is formed by the abundance of forest trees having broad, 
leathery, and shining leaves, such as the Magnolias and the Lauracese, 
and also of the plants of the Myrtle tribe. Proteaceaj, Acacias, and Heaths 
attiiin their maximum development. 

4. The Warmer Temjterate Zones. 

Equatoiial boundarie.s, the annual i.sotherms of C8° Fahr.; polar boun¬ 
daries, the isotherms of C4“'5 Fahr. The general characteristics of these 
zones arise from the combination of the shining, leathery-leaved trees 
of the subtropical zones with the fore.st trees which we find in our own 
country, such as G.tk.s, Beeches, &e.; the Palms vanish ; but a number of 
handsome evergreen .shrubs pre.sent themselves, and Heaths, Cisti, and 
show'y Leguminous plants are very abundant. The countries lying within 
these zones in different parts of th«,^l(>bo differ a good deal in their vege¬ 
tation, and we may therefort* enter into rather more detail here. 

In the Mediterranean region evergreen dicotyledonous trees with glossy 
leaves, show’y shruh.s, and many bright-coloured bullpus plants abound; 
Erica arhorea, the Bay, and the Myrtle are characteristic; the Turkey, 
1 lolm. andCork Oaks, the Chestnut, the Strawberry-tree, with the Oherry- 
laiurel, Laurustiuus, imd I’omegranate are frequent, as are also the 
Phillyrem, Kosemurv, Oleander, &c. 

The Vine is a native of this zone, and is said to attain a diameter of 
;! to () inches, and to climb to the top of the highest trees, in the forests 
of Miugrelia and Imeritia. Tlie buiTon tableland of Asia falls in this 
zone, as docs Japan, which has a rich vegetation. In America are found 
abundance of Oaks and Pines, Magnoliaee.'e (such as the Tulip-tree), a 
number of Leguminous trees, with thorny Srailax-shrubs and gigantic 
Heeds; the Gleditschiie on the banks of the Ohio are evergreen, with 
climbing Bignonim; evergreen trees here correspond to those of Southern 
J'lurope, intermingled in the forests with Oaks, Beeches, Ash, and Ela- 
tamm oceidentalis. 

In the southern hemisphere this zone includes part of New Zealand and 
Australia, where, again, evergreen trees are intermixed with forest-trees 
wdth deciduous leaves; shrubby Ferns abound, and the Leguminos® and 
Myrtueea; arc well representeH. 

In South America, the Pampas-plaifls of Buenos Ayres fall in this zone, 
especially characterized by arborescent Grasses. Southern Chili represents 
the wwm temperate vegetation with its eveiween forests of Myrtnce®, 
Beeches, aaJ Araucarias; the Fuchsia is also cWracteristio of this region. 
The Chilian Palm, like the dwarf Palm of Southern Europe and the 
Palmetto of North America, forms an outlier from the subtropietd region. 
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6. The Coder Temperate Zotm. 

Equatorial boundaries, the annual isotherms of Fahr.; polar 
boundaries, the isotherms of 41° Fahr. The especial characteristics of 
these zones are the forests of deciduous trees with inconspicuous blossoms, 
intermingled with social Conifers, together with the (Irass-pastures. 
Here the trunks of the trees are overgrown only with Mosses and 
Lichens j the Honeysuckle, the Ivy, and the Hop are the only important 
climbers, very different from the X/Vincs of the tropics. Shrubs are pretty 
frequent, but they mostly lose their leaves in winter, such as Koses, 
Brambles, Viburna, &c. The social Dwarf-grasses on ^ood soil, with 
the Sedges, Cotton-grasses, and Mosses of wet ground, characterize the 
plains, and extensive heaths prevail in some districts. The contrast 
between summer and winter is strongly marked in the aspect of vegetable 
life: the trees are stripped of their leave.s, the herbs die down to dw'arf 
tufts, or hide themselves altogether in the ground, and the snow covers 
the surface of the plains in severe weather; but the warmth of summer, 
which brings out a lively and varied show of dowers, is sufficiently high 
to ripen the seeds of many, and thus annuals are more numerous than 
they are further north. 

This zone is not represented in Africa or in the South Sea. In South 
America it includes Patagonia 

(). The Sub'^rHie Zone. 

Equatorial boundary, the annual isothermal line of 41° Fahr.; polar 
boundwy, the isotherm of Fahr. for the month of S<!ptenibcr. The 
southern houndary'of this zone in the northern hemisphere corresponds 
pretty nearly to the limit of distribution of the Oak in Europe and the 
east coast of North America, the northern boundary to the limit of the 
distribution of trees. 

The striking characteristic of this zone is, indeed, the predominance of 
the Coniferou-s trees in the woods, giving place northward to the Hirch 
and Alder, and generally alternating with Willows where the soil is 
moist. GrSen pastures occur universally, especially adorned with showy 
flowering herbs in the spring and summer. 

• 

7. The Aretic Zone. 

The equatorial boundaij is the isotherm of Fahr. for the month of 
September, or the polar limit of arbore.scent vegetation in the. northern 
hemisphere; the polar boundary is the isotherm of 41“ J’ahr. for the 
month of July. The vegetation of this zone corresponds to wdiat we un¬ 
derstand commonly as Alpine .shrubs, consisting chiefly of prostrate shrubs, 
with a peculiar tortuous and compact habit of growth, such as the alpine 
Rhododendra, Andromedfe, the dVarf Birch and Alder, the Bog-Myrtle 
and dwarf Willow, with a vari(!ty of low-growing perennial herbs, re¬ 
markable for the comparatively large size and bright colour of their 
flowers. Sedges and Cotton-grasses occur socially, in some places covering 
extensive tracts; but the grassy pastures of the last zones are replaced 
to a great extent by tracts covered with Lichens. 
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8. 2Vtt' I'ohir Zom. 

Equatorial boimdary, tho isotherm of 41° Fahr. for the month of July; 
polar limit, the isotherm of 36“-5 Fnhr. for the same month. This zone 
IS characltu-izod by presenting, in the four to six weeks of summer, an 
ali)ino vegetat ion devoid of oven shrubs, and consisting of herbaceous per¬ 
ennials of dwarf habit, such aa Saxifrages, Ranunculi, Pyrolse, Potentillse, 
1 Iryas, Ilraba, &c., and po8seasing,moreover, certain genera (such as Parrya, 
I’hippsiii, and otber.s) wliich, although they extend into the arctic zone, are 
not itifit with in the alpiin; regions of the mountains of the more southern 
regions. In Spltzbergen, the number of Cryptogamic plants is remarkable, 
tlie I.iehens alone equalling the Flowering plants, and predominating 
even in mass ns well as number of species. 


Sect. 2. Reoions op Altitude. 

940. It is well known that the lofty mountains Ipng within the 
tropics exhibit a graduated variation of character in their vegetation, 
and that those which rise above the limit of eternal snow display 
more or less distinctly marked regions, representing the zones lying 
between the jiluins at the foot of such mountains, and the eternal ice 
of the polar zone. 

l[iiinboldt divided the surface c\firopical mountains into three zones, 
repnsenting the tropical, temperate, and frigid zones of the globe, 
and indicated the ])rincipal subdivisions of these regions. Meyen 
attemj)ted to lay down a more systematic representation of the con¬ 
ditions in question, coiToaponding to his division of the earth’s surface 
into zones, (treat difticulty interposes here in any attempt at gene¬ 
ralization, since local conditions, arising from aspect, and conformation 
of surface, either giving more or leas of precipitous character, accom¬ 
panied by sudden changes, or producing elevated plains, &c., cause 
such great diflereuces, even within the limits of single tnountain- 
systems, that no absolute rule can be applied. The rules laid down 
by Slej’cn apply iiretty well to his zones within the limits of Eurt^e; 
but, in the delineation of the regions of altitude of greater extent, 
great variation presemts itself near the equiitor. 

941. According to Meyen’s views, the snow-line, beginning at 
the polar zone, rises between 1900 and 2000 feet above tho level of 
the sea, and in the equatorial zone to 15,500 or 16,600 feet; and he 
divides tho regions of altitude in accordance with this, raising each 
region between ItlOO and 2(^00 feet in each zone, as he approaches 
tho equator. Now at North Cape, which lies near tho polar limit of 
our 8ul)a,retie zone, and in Iceland, which is crossed by the same limit, 
the line of peqietual snow is at about 2000 feet; we may therefore 
take this as fhc snow-lino of the arctic zone. The equatorial limit of 
the subarctic zone falls in Southern Norway, where the snow-line ia 
at about 4000 feet; while the equatorial limit of our cold temperate 
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zone is not far removed from the Alps and Pyrenees, where the snow¬ 
line rises to 8000 feet and more. In the south of Spain, lying within 
the warm temperate region, snow lies in isolated patches below 11,000 
feet. In the district of Sierra Nevada, which is one of the best-known 
of the mountains of this zone, as regards vegetation, there is a sub¬ 
tropical region up to 600 feet, the true warm temperate vegetation 
extends up to about 4000 feet, a cold temperate vegetation from 
about 4000 to 6500 ; the vegetation then passes into a condition 
allied to the subarctic, but without trees, and characterized by shrubs 
of a similar nature to those of the arctic zone. This region extends 
to 8000 feet; and thence to the summits of 11,000 feet Ihere is 
an alpine summer vegetation (snow lying for eight months out of the 
twelve), which, again, is interinediate in chaiacter betw'ccn those of 
the arctic and polar, consisting chiefly of pei ennial herbs like the 
latter, but presenting a formation of turfy pasture to some extent in 
the vrarm season. In the Caucasus the snow-line is much higlicr. 

In the subtropical zone, on the Peak of Tenerilfe, w<‘ find the 
vegetation of the warm temperate zone from about tlOOO to 4000 loot, 
a representation of the cold temperature from tlOOt* to over (!000 feet; 
at about 8000 feet the climate is subarctic. This mountain does 
not reach the snow-line. 

In Me.xico, lying in our tropkml zone, the lines are respectively 
shifted up in about the same ratio. AVe see throughout, then, a 
deviation from Mjycn’s ratio, in the tendency of the colder zones to 
widen out on the mountains of warmer zones : but this is i)artly 
owing to our dividing the zones according to tcmjierature, and not 
ai.eording to latitude. 

If we attempt to lay down the conditions of the mountains of 
-Asia under a similar point of view, we find greater deviations. The 
mass of ekivated land in Ceutral Asia modifies all the climatal con¬ 
ditions very much. The snow-lines of the mountains of the cold- 
temperate and warm-temperate zones rise to 14,006 feet; that of the 
Himalayas to 18,000 feet in the northern parts. Our data scarcely 
sufiice for the illustration of these modified conditions and therefore 
we have confined ourselves to a limited number of the bc8t-ex])lorcd 
mountain-regions of the Old and New AVorlds, in the tabular view of 
distribution in altitude given below. 

9 2, We now give a brief sketch of the characteristics of the 
different regions of altitude, as classifiijd by Meycn ; and to this is 
subjoined Meyen’s hypothetical table, from his ‘ Geography of Plants.’ 
To show how far this diverges from the actual conditions, wo subjoin 
Tables, constructed for Johnston’s ‘ Physical Atlas,’ showing the com¬ 
parative altitudes of the characteristic forms of vcg6tation on a 
number of mountains where they have been carefully observed. The 
location of these mountains in the various zones is in accordance 
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with our isothermal limitation, and not, as is the case with Jlcycn’s 
limitation, according to parallels of latitude. The elevation.';; ;iro also 
merely given given in round numbers. 

1. Itegivn of Pahns and Panamas. 

Corre,sponding to the equatorial zone, and has been already characterized 
under that head^ * 

2. Region of Tree-Perm and Figs. 

Cori'c.sponding to the tropical zone. The genus Ficus is most prevalent 
in the elevated fori'.sts of the equatorial zone of the East Indies, giving 
them a remarkable charact er of gloomy grandeur and impervious density. 

3. Itegimi of Laurels and Myrtles. 

(loiTesponding to the subtropical zone. 

4. Region of Eoergreen Trees. 

(Corresponding to the warm temperate zone. 

5. Region of Deeiduotis Trees. 

Corresponding to the cold tempijrate zone; but this region seems to be 
ab-sent from the mountains in manjl' parts of the tropical and equatorial 
zoiie.s, .since the tree-limit is carried down by peciilinrities of climate, 
which, on the other hand, favour the advance of more southern forms into 
tlic upjier regions. In .Java and Sumatra, stunted trees of the class be¬ 
longing here replace the dwarf Conifers of European mountains, and form 
the tree-limit far below the altitude at which forests of tall Conifer.s occur 
in the more northern Himalayas,—a condition explained in some degree 
by the local circumstances of tlie equatorial moimtains, which are deficient 
of the supplies of moisture furnished by the vast masses of snow resting 
perpetually upon the Himalayas. 

6. Region of Conifers. 

Corit'sponding to the subarctic zone. This zone, characterized by the 
growth of I’ines and Firs, is well represented on moat mountains, with 
tho exception of the Feruxdan Cordilleras, where the Escalloniem are said 
to bo substituted for them. But the Conifers do not always form the 
uppermost belt of trees, even when they floxui.sh in a well-defined region. 
Thus tho region of the Conifers, in a general sense, which reaches to the 
tree-limit with Pines in the .\Ips, Pyrenees^ and the Andes of Mexico, 
includes, in the Scandinavian mountains, m the Himalayas, and the 
Caucasus, a region of Birches, which rjse out of it to form the last repre¬ 
sentatives of arboreal vegetation. 

»7. Region of Alpine Shrubs or of Rbododendra. 

This region corresponds to the arctic zone. In the Himalayas, dwarf 
Willows, Junipers, and species of Ribes or Currant seem to represent 
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tho vegetation of this region ; while on the Andes of Quito the genus 
Befaria appears to correspond in its geographical development to the 
Rhododendra of the north. 

8. Begion of Alpine Herbs. 

Corresponding to the polar zone, usually presenting only patches of 
vegetation scattered over a broken surface o'f ground, covered during the 
greater part of the year with snow, and exhibiting accumulations in all 
seasons in sheltered spots. Lichens abound here; Leddea geographica 
has beep found in most diverse localities where bare rock rises above the 
ground, forming generally the lost trace of vegetation. The plants of this 
region are remarkable in many respects, in none more than the beauty 
and comparatively large size that usually characterizes their flowers. 
They are mostly of perennial growth, since, although the severe cold pre¬ 
vailing throughout the greater part of the year is unfavourable to the 
maturation and preservation of seeds, the thick covering of snow protects 
established plants from the severe frost; and it is known that they are 
arrested in warmer regions where winter frosts prevail without great 
accumulations of snow, precisely because they are then incapable of bearing 
the cold, to which they are directly exposed. 
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MeYBN’s CoMPAllATCVE EXHIBITION OF TUB DIFFERENT ZONES, 
WITH THE COIIIIBSPONDINO RkOIONS. 

The elevations and temperatures are here yiven in round numbers. 
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CoMPAHisoN OP Regions op Altitude with Isothermal Zones. 

The Jigures indicate the elevatiom at which the regions commmtce. 


Names of | 
Zones . 1 ■ ' 

Equatorial 

Zone. 

Temperature I 
of Zones . ( 

: 81° 5' to 79° 3' 

Ann. Mi'an. 

Names of 1 
Mountains j 

Java and 
Sumatra. 

Snow-line . . 

^onc. 

Alpine Herbs. 

9,0000 

Viola, 

. Ranunculus, 


\ Alpine Shrubs 

( Rli ododeudra, &o. ^ 


Tropical Zone. 


79° .3' to 75° 5' 
Ann. Mean. 


Andes of 
Mexico. 


Andes of 
Peru. 


Subtropical 

Zone. 

72° 5' to 
Ann. Mean. 


Ten<*ri^e. Himulayas. 


1 Primuhiceffi,| 

j Raminerla't 


I'i'iP, &e. 
Berberis. 


Befiirifp. 

1U.4(H) 


Pnjuivera- i 
i coie, ' 
1 CnieitVrip, 1 
! Priiniilmreai, 

{ Ac. I 

! Sniix, 1 
: Spinra, j 
‘ <inni))enis, i 

Jviinicera. I 
11,00<) 


I Idmit of Trees. 

1 Conifers and / Podocan’^®* 

I Bi^hes. 

j__ ' 

Deciduous 
( Forest Trees - 

(Oak and Beech>■ 

Ternetrtemi* 

Evergreen 

Forest Tr^es. I 6,000 


Z^auracese and Dipteraceffi. 

Myrtaceae. 4,000 


Abie^tdi- 
^iosn, Ac. 
S,n<K) 


Qnercna. 

i^XX) 


Melust-o- ! 
ina, Yucca,jJ 
Jlatnbusa. I ] 

.Tfttrophn, I j 

ChHinferlo^i 
rea*. Mal-j 
pil'hiocoa^! 
&c. I i 


{ .Iimiperus 

' Escallonitt. Oxyc<'ilrus. 

I H.iKM) ‘5,m)0 

I Spartium. 


riiiu.s 

canaricnsts. 

•l,0W 


Quereiis. 

lo.nun 


Arilista, . Mncnolia, i 

I^aiiniH. ' fastiineii. j 

2,'»Pn 7 ,<hm» I 

Oleu, ; Ardisin. ; 

Myrica. ! 6,000 j 

Cacti. ] 1 

c-n};enm. ' CidastruH, 

ft.noo p:uphorlii(e, 1 (innibelia, 

If” I Dratwna, Myrsine. 

MelnsW- 

mea?. SvcatnomB.' 


Tree-Fexiut 
and Figs. 


Forests of Tropical Tree-Ferns, \ 

Linuidambar. Forests. &c. Bananas, Tr<*e-Ferns, 

Baeoharuni, Fi^. 
:i.000 ' .^.OOO 3,0(H) Palms. Palms. 


Palms and 
Bananas. 


Palma Beitanu> I Bombax, 


•Jun.cuui- I p t I 

nece. Damp Equa-1 Palm®, goitAmim*® I ^ 
tonal Forests. I Mimose®. 


38o__j^6° 

V.h. 


Sea^level. 


00—10° 8. L. 


19° Jf, L. 


0 ° 
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COMI'AUISON OF ItEOIONS OP ALTITUDE WITH IsOTHBBMAL ZoNBS. 


Name of) ^ 


.Warm Temnerate Zone. 



Zone . j 








Tempora- 
tvirc of 
Zone . . 1 


— 1 

Names of ■ 1 

Mountaxna ^. AnuTicn.; 

Siiiira 
Nevada, [ 
Spain. ; 

Lycian 

Taurus. 

Pontic t 
?huin of i 
iatsislan. 

Ararat. 

Inner 

Armenia 

Alstau, 

Soon- 

garei. 

' 1 

Snow-line. 

i 

11/00 i 

^''one. j 

Is one. 

10,000 

13,500 

11,000 

10,700 

i Alpine 

1 Herbs, 

! 

i 

' u,(too ; 

AlpiuH 

ilfrbs 

and 

Shmba. 

7,tXH» 

' lO.fXK) 

Alpine 

8,000 



Lichens. 

8,000 

! Alpine 
Shrubs, &c. 

1 

! 

Herbs 

and 

Shrubs. 

H,0i.K) 

Khodo- 

di'ndron 

eaueasi- 

oum, 

5,700 

8,000 

5,6(K> 

Junipers 

7,500 

Limit of 
Trees. 



• ^ 

’ 





Conifers 

and 

! Birches. 

Piniii#. 

Pinus 

Hvlvi'stris. 

Juniperus 

oxcelaa. 

6,IH)0 


• 

4,500 

PinuB. 

Decldnons 

Forest 

Trees. 

1 


Querena 

retuaiia, 

Viinia 

Pinanb'P. 

2,(K>0 

Plateaux. 

f ak Wooil.''. 

Bceeh 

with 

Firs. 

4,000 


Beech. 

1,000 

• 


j 

: Evergreen 
Forest 

Trees. 


Olivts fork, 
Pomogranutc 
600 

(Opuiitia, 
Cotton,Sugar 
CaiK *.) 

Evergreen 
Trees and 
Shrubs. 

Ever- 

CToen 

Shrubs. 


OloA, 

Laurus, 

Buxus, 

Planera 

• 

LauracooD 

1 and 

! Myrtacc® 

39“ s. I.. 

;i7° N. L, 

' 37“ N. I~ 


K.L 

37*5 N. L. 

440 - 16 ®! 

N.L, 1 

1 Sea-level. 


• 





! 

i_ 
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CoMPABisoN OF Regions of Altitude with Isothermal Zones. 


Names of Zones. 

1 ColdTemper- 
1 ate Zone. 

Subarctic 

Zone. 

Arctic Zone. 

Temperatures. 

54° 5' 4X° 

Annual Mean. 

41° Ann. Mean to 86° 
Mean of Sejit. 

.86° Afean of Sept, 
to 41 ° Mean of J uly. 

Names of Moun¬ 
tains. 

SwisR Alps. 

Norway. 

EamtSf'hatka. 

Iceland. 

Snow-line. 

8,500 

4,000—5,000 

5,000 

2,000 

Alpine Herbs. 

• 7.000 

.8,.800—.8.800 

Baxifriu;a. 

1,000 

Alpine Shx*ubs, 
&c. 

0,000 

T>\vflrf 
Kireh, 
Willow. 
O.IKH)—:i,()00 

Alnns ineana, 
Rhotlotlen- 
ilrons. 
2,000 

Alpine Shrubs. 

Limit of Trees. 





Conifers and 
Birches. 

Conifors. 

4,000 

Birch. 

Conifi‘rs. 

Alniifei 

frntieosa, 

florbns. 

Conifer®. 

500 

64° y L. 

Decidnous 
Forest Trees. 

Pcprh an<l Oak. 

2,iHU) 

Chfstnut. 

li?” X. L. 

60“ N. L. 


Evergreen 
Forest Trees. 

• 

460-47° L. 




Sea-level. 






On corapariiig; these Tables with Meyen’s, by noticinp; the latitudes ffiven 
at the foot of the columns, it will he seen that the location of the moun¬ 
tains in the various zones differs only in the hotter and colder of the latter; 
those of the warm temperate, cold temperate, and subarctic (except in the 
case jpf Iceland) being similarly arranged. The great discrepancies 
existing between mountains occurring in the .siime zone indicate that 
local circumstances must have most powerful influence in determining 
the altitudes attained by the various clas.ses of vegetation. We are not 
in a position to give the real temperatures of regions of altitude with any 
accuracy in most cases; or these would probably greatly assist in as¬ 
certaining the direct causes of aberration; for differences of temperature 
certainly accompany the difference of elevation attained by particular 
forms of plants. Good examples of the influence of the form and local 
conditions of mountains are fumi%hed by ^Teneriffe, Ararat, the Hima¬ 
layas, and the Rocky Mountains of North America. The firstis an 
isolated mountain, exposed to the equalizing influence of the ocean ; the 
second an isolated mountain situated in the interior of a coptinent; the 
two chains are portions of enormous systems of mountains extending over 
large regions in the interior of continents. To work out this subject 
thoroughly, however, it is necessary to observe not only the conditions of 
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different mountains, but those of the different declivities of the same 
mountain; since, when great elevations are attained, chains of mountains 
form the boundaries of local climates, and present different conditions on 
the two faces. 


Sect. 3. Division of the Globe into Regions having Chakacteeistic 

Vegetation. 

943. The character of the vogffation of different regions is in¬ 
fluenced not merely by climate, but by the more remote causes referred 
to in the last Chapter, which have led to the distribution of plants 
over more or le.s.s extensive areas, and their restriction within narrow 
limits in other cases; fuH.her, by the habit of plants, as by a social 
mode of growth, by size, &c. 

944. Jlany attempts have been made to divide the earth's sur¬ 
face into Botanical Regions, according to their characteristic vege¬ 
tation. None: of these can be regarded as satisfactory; but perhaps 
the generalizations of Schouw are, on the whole, those which suggest 
most to tlio stmlent. We therefore introduce here that author’s 
account of the 25 regions into which he divided the globe, on prin¬ 
ciples which are sf.atod below. 

Tlies(! regions were characterized several yenj'S ago; and much has 
biMMi (li.seovered since, tending to modify the dotniLs; it is greatly to 
bo de.sired tliat a new attempt .should be made in this direction. 

Sehowvn Plafio-fieographie Re{/io)is. 

94.5. The regions are founded on the following principles:— 

1. At least one-half of the known species of plants of the tract 
constituting a botanical region arc peculiar to it. 

2. A fourth jiart of the genera of the region are either peculiar 

to it., or have so decided a ma.ximum that they arc comparatively 
rare in other regions. , 

3. The individual Orders of plants arc cither peculiar to the region 
or have a decided maximum there. 

1. Region ofMomm and Saxifrages (Arctic-Alpine, or Wahlenherg's Region). 

Mean temperature .—I’olar regions, 2"-41° Fahr. Mountains in tho^ 
south, 21°-37° Fahr. 

Character.—Characteristic and predominant genera —Ranunculus, Ara¬ 
bia, Drnba, Arcnaria, Drvas, Pftcntilla„Saxifraga, Rhododendron, Azalea, 
Oentiana, Pedicularis, Salix, Mu.<ci, Lichones. Of the polar countries 
especially—Coptis. Futrenia, Farrva, Diapensia, Andromeda, Ledum. Of 
the mountain,region8—Oherloria, Campanula, Phytenina, Primula, Aretia, 
Soldanelln. Dwarf perennial herbs with comparatively largo flowers of 
bright colours. Trees absent. 

I^redominant shrubs and half-shrubs of the polar countries. —Betula nana. 
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Salix herbacea and other species, Riibus Charaoeniorus, Enipotrum nigrum, 
Andromeda liypnoides, A. tetragona, Arbutis alpina, A. Uva ursi, Azalea 
procumbens, Hhododeudrou lappouicum, Menziesin cmrulea. 

Prfdomiiuint shrubs and half-shrubs of the mountains. —.luniperus nana, 
Alnus viridis, Salix reticulata, S. ht^rbacea, Jihododondron ferrugineum, 
II. hirsutuui, K. caucasicum, Vaccinium Mvrtilhis, V. uliginosum, Azalea 
procumbons, Arbutus alpina, A. Uva lu-si, limpetrum nigrum. 

Plants which approach very closely to the snow-line. —Kanuncuhis gla- 
cialis, Saxifraga oppositifolia, Silene acaulis; in the polar countries espe¬ 
cially, Agrostis algida, lianunoulus h)'perboreus, K. ni'’alis, SaxilVaga 
rivularis, 8. cernua, S. nivalis, l*apaver nudieaule, Draba alpina, Lychnis 
apetala, Diaponsia lapponica. In the mountain-regions, SaxilVaga mus- 
coides, S. bryoides, Cnerloria sodoides, Aretia helvelica, A. alpina, Draba 
nivalis, I’etrocallis pyrenaica, Arabia bellidifolia, Myosotis nana, (lentiana 
nivalis, Achillea nana, Linaria alpina. No cultivation in this region. 

The flora, as a whole, as tabulated by Hooker, is decudedly Scandinavian. 
Some of it.s members are universally diffused throughout the globe, even 
in the tropics (on mountains); hence the Scandinavian flora is considered 
to be the oldest existing ilora. 


2. Region of Umhellifercc (Korth-Rurojwan and North-Askdic, or Linnwiis's 

Region). 

Mean temperature, 29"-4G° Fahr. 

Character. —Umbellifene, Crucifatc, Coniferae, Amentaccic, (Ir.aini- 
nacefe, Caricero, Fungi, Cichoracoic, Uynarcfe; in Asia, more particularly, 
Saline plants (such as SaLsola and Salicornia) and Astragalem. Luxuriant 
pasture; forest trees with deciduous leaves; a few I loaths. 

Predominant trees and shrubs. —Finns sylvestris, 1*. (k'lnbra, P. .sibirica, 
Abies excelsa, A. pectinata, Larix europaea, .luniperus communis, Detula 
alba, Alnus glutinosa, A. incana, Fagus sylvatica Quorcus pedunculata, 
Q. se.ssiliflora, Carpinus Iletulus, Oastanesa vesca, Salices, I’opulus treniula, 
Oorylus Avellana, Ulnius campestris, Calluna vulgaris, Prunus spinosa, 
Pyrus Aucjiparia, Acer Pseudo-platanus, A. platanoidcs, .4. campestre, 
Tilia platyphylla, T. microphylla. 

Cultivated plants. —Cereals: Rye, Barley, Oats, Wheat, Spelt, Maize, 
MiKet (Panicum miliaceum). Buckwheat, Potato. 

Fruits. —Apple, Pear, Quince, Cherries, Plums, Apricot, Peach, Mul¬ 
berry, Walnut, Grape, Currant, Ooo.'^cberrv, Strawberry, Melons. 

Esculent vegetables. —Cabbage, Rape, I’umip, Radifsh, Mustard, Peas, 
Beans, Lentils, Spinach, Beet, Cucumber, Gourd, Carrot. 

Fodder-plants, &c. — Clovers, Vetches, Lucerne, Rye-grass; Hops, 
Flax, Hemp, Tobacco. 


3. Region of the Labiates and Carywhgllces (^Mediterranean, or I)e Candolle’s 

Region). 


Mean temperature, 66°-73° Fahr. 

Character. —Labiatse, Caryophyllem, Boragineae, Cistineso, Liliaceie; 
the Orders cited in the preceding region, but mostly less prevalent, espe¬ 
cially the CaiiceSB, Representatives of tropical Orders—Palmai, Tere- 
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binthacecB,Laurace!B,—Orders which increase towards the equator becoming 
more numerous: fiOguminosoB, Malvaceae, Solanacese, Euphorbiaceae, 
Urticacem. 

Genera. —Adonis, Nigella, Trifolium, Medicago, Genista, Cytisus, Sca- 
biosa, Aiilhemis, Achillea, Verbascum, Narcissus; many evergreen trees 
and shrubs; a greater number of woody plants than in the second region; 
pasture less luxuriant; a winter iiora existing. 

^ Predominant trees and shrubs. —Pinus Pinea, P. Pinaster, P. halepensis, 
P. Laricio, Uupi-essus sempervirens, Juniperus phocnicea, J. macrocarpa, 
(^lercus flerris, Q. pedunculata, Q. .,easiliflora, Q. Ilex, Q. Suber, Q. 
-Tigilops, y. coccifera, (1. infectoria, Castanea vesca, Platanus orientalis, 
Alnus c.ordifolia, Oorylus Colnma, Ostiya vulgaris, Acer inonspessulanum, 
.y neapolitanmn, Pistacia laintiscus, P. Terebinthus, Geratonia siliqua, 

(^‘rcis silijpinstrum, Genista scoparia, Mespilus pyracantha, Pruuus lauro- 
cerusus, Taniari.x gallica, T. africana, Myrtis communis, Punica Grana- 
tum, Opuutia vulgaris, 'Viburnum Tinus, Arbutus Unedo, Erica arborea, 
E. scoparia, Khoilodendron ponticum, R. maximum, Cisti, Phyllyrea lati- 
folia, P. angu.stiiolia, Omus europaca, (). rotundifoUa, Nerimn Oleander, 
Ifosinarinus officinalis. Ephedra distachya, Chammrops himiilis, Ruscus 
aculentus, ,Smilax aspera, Tamus communis. Agave americana. (The 
high(!st parts of the mountains here belong to the lirst region, the middle 
elovation.s to the second region.) 

Culti voted plants .—The same as in the preceding region; but the follow¬ 
ing are more rare, or only seen on Jhe mountains: Rye, Currants, Goose¬ 
berry, Ruckwbeat, and 1 lop; while 'Jie following are added :— 

Cereals. —Rice, Millets (Sorghum vulgare, Paiiicum italicum). 

/‘Vh/G.—P igs, Almond, Pistachio-nut, Ijemon, Citron, Sweet and Seville 
Oranges, Prickly Pig (Opuutia), Water-Melon,Olive. * 

Eseulenfs &c.—Melongena, Tomato, Anise, Coriander, Cotton, White 
Mulberry, Salfron, Sumach, Lupins, Sainfoin. 

Note. —Madeira, the Azores, and Canaries belong to this region; but 
their floras approach that of N orth Africa. 

Chara leristie forms. —Sempervivum arboreum, S. canariense, S. tor- 
tuosum, &c., Ilex Perado, Pleroma pcndula, Cacalia Kleinia, Sonchus 
fruti<-osus, Arbutus callicarpa, Ardisia excelsa, Ceropegia ajffijila, Echium 
gignnteum, &c., Laurus footens, Pluphorbia balsamifera, E.* cunariensis, 
Myricn I’aya, Pinus canarieusis. , 

4. Peffion of Asteres and Solidayines (Northern North-American, or 
Miehaax's Peyton). 

Mean temperature, Fahr. 

Character. —More species of Coniferpe and Anientaceae than in the secqpd 
region), but fewer Umbelliferm, Cruciforse, Cichoraceae, and Cynarea;. 

Genera. —llydrastis, Sanguinaiia, Hudsonia, Ptelea, Robinia, Gymno- 
cladus, Purshia, Gillenia, Ueciidon, (Enothera, Clarkia, Ludwigia, Bar- 
tonia. Claytonia, Pleuchera, Itea, Hamamelis, Mihbella, Aster, Solida^o, 
Liatris, Rudbeckia, Gaillardia, Vaccinium, Andromeda, Kalmea, Sabbatia, 
lloustonia, Ilydrophyllum, Phlox, Monarda, Dodecatheon, Dirca, Ilainil- 
tonia, Lewisia, Trulium, Medeola. 

Predominant trees and shrubs. —Pinus Strobus, P. inops, P. resinosa, P. 
Banksiana, P. variabilis, P.- rigida, P. serotina, P. pungens, Abies bal- 
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samea, A. taxifoUa, A. canaden-sis, A. nigra, A. rubra, A. alba, Larix pon- 
dnla, L. macrocarna, Tliiija owidentalis, T. spbaeroidea, Juniperus virgi- 
niana, J. Sabina, Taxus canadensis, Quercus, 25 sp., Fagus sylvatica, F. 
ferruginea, Castanea americana, C. p\iraila, Ostrya xirginica, Oorpinus 
aniericana, Corylus americana, C. rostrata, Alnus glutinosa, A. crispa, 
A. serrulata, lictula nigra, B. papyracea, Salix, 27 ap., Populus bal- 
samifera, P. monilifera, &c., Myrica cerifera, &c., Platanus occidentalis, 
Liquidambar styracifliia, Juglana nigra, J. ciuerea, &c., Ulinua americana, 
&c., Nyssa aqnatica, Fraxinus alba, F. nigi'a, &c., Ornus americana, Ribes 
floridiim, R. aureum, &c., Vaccinium, 20 sp., Andromeda, 10 sp., Kalmia 
latifolia, K. angustifolia, K. glauca. Azalea viacosa, nitida, A. glauca, 
A. nudiflora, &c.. Rhododendron maximum, Corniis florida, 0. alba, C. ca¬ 
nadensis, &c., Ilamamelis virginiensis, Spiiwa salicil'olia, S. chaiuaidri- 
folia, S. opulifolia. S', hypericifolia, &c., (Jillenia trit'olinta, Crataegus, sp., 
Cero-sus pnmila, 0. nigra, &c., I’lirsliia tridentata, Rubus, 20 sp., Pyms 
sp., Robinia Pseud-acacia, R. hispida, C3'mnocladu3 canadensis, Rhus 
t'^'phina, R. glabra, R. veuenata, R. toxicoilendron, &c., Ptelea trifoliata, 
Ceanothus americanus, &c., Rhamnu.s alnifolius, &c.. Ilex opaca, &c., 
Euonymus americanus, E. atropurpureus, Staphylea trifolia, Ampclopsis 
hederacea, Acer rubram, A. dasycarpuiu, A. saccharinum, A. striatum, 
Negundo fraxinifolium, Xantlio.xylum fraxinevim, X. tricarpum, Tilia gla¬ 
bra, T. pubescens, Liriodendron tiilipifera. 

In the northern parts (to 50°-65“ N. l.) no cultivation. South of this, 
the same plants as those cultivated on tlie second region, but Maize more 
extensively. B 


5. I&yion of Magnolico (^Southern North-American, or Piirsh’s Region). 

Mean temperature, o0°~7ii^ Fahr. 

Character. —A certain approximation to the tropical vegetation : Can- 
nese (Ganna, Thalia), Palm® (Oham.-erop.s), Yucca, Oycadeae (Zamia), 
Laurus, Ipoma)a, Bignonia, Asclepias, Cactese (Waminillaria, (Ipuntia), 
Rhexia, Paasiflora, Cassia, Sapindiw. 

Few Lahiata;, Caryophylleae, Umbelliferaj, Cichomcoa!, Geranie®; few 
species of Aster or Solidago. 

Ttees with broad shining leaves and large flowers. 

Genera. —Magnolia Liriodendron, Illicium, .\simina, I)ion®a, Pavia, 
Amorpha, Oleditschia, Bapfisia, Petalostemon, Calycanthus, Q'lnothera, 
Claytonia, Rudbeckia, Liatris, Silphium, Kalmia,"Iloustonia, Frasera, 
Halesia, Dodecathcon. 

.Predominant trees and ehruhe. —Magnolia grandiflora, M. glauca, &c., 
Illicium floridanum, I. parviflorum, Liriodendron Tulipifera, Asimina, sp., 
Pavia flava, P.. macrostachya, &c., Amorpha fruticosa, &c., Gleditschia 
triacanthos, (fee., Robinia viscosa, (lassiaTAra, C. marilandica, &c.. Acacia 
glandulosa, Calycanthus floridus, &c., Kalmia hirsuta, K. cuneata, Opuntia 
vulgaris, O. fragilis, (1. missouriensis, Hule.sia tetraptera, H. diptera, Lau¬ 
rus Catesbyana, L. carotinienais, L. Benzoin, L. Sassafras, &c., .Tnglans 
fi-axinifolia, Carya aquatics, C. myristiciformis, Liquidambar styraciflua, 
CarpinuB americanus, Castanea americana, 0. mimua, Platanus occiden¬ 
talis, Quercus, 26 sp., Taxodium distichum, Pinus T®da, P. palustris. 
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Zamia integrifolia, Yucca gloriosa, Y. aloifolia, &c., Chamserops Hystrix, 
O. Palmetto, C. serrulata. 

CuUioated plants .—About the same as in the third region, with the ex¬ 
ception of the Olive. Cultivation of Rice more extensive. In the southern 
parts some tropical plants, especially the Sugar-cane. 


6. llegiim of CameUiece and Celastrinece (Chinese, Japanese, or Kcenipfer's 

Region). 

, Mean tenqwraiure, o4°-(i8° Fahr. 

Character .— ? 

Genera. —Magnolia, Nandina, Eurya, Camellia, Thea, Colastrus, Ilex, 
Euonymus, lluinalda, llovenia, Kerria, Spiraea, Gonocaipus, Lagerstroe- 
mia, Auc.uba,Bladhia, Doraena, Eleagnus, I'olygonuni, Pollia. 

Predominant trees and shrubs. —Itbapi.s flabeUiformi.s, Finns sinensis, 
&c., Cunningbamia lanceolata, &c., Taxus nucifera, 'f. verticillata, Salis- 
buria adiantifolia, Cryplmneria japonica, Cupros.sus peudula, Juniporus 
virginiaua, 'I'linja orientalis, T. dolabrata, Quereus glabra, Q. glauca, Alnus 
japonica, Juglans nigra, llrous.sonetia papyrifera, IJaphne odora, Laurus 
glauca, L. lucida, L. umbellata, L. pediiuculatii, Olea fragrans, Uiospyros 
Kaki, Mespilus japonica, Sophora japonica, Acer japonioum, A. septom- 
lobatum, A. palmatuin, &c., Camellia japonica, C. Sasanqua. 

Cultivated plants. —Rice, Wheat, llarley, tints, Doura (Sorghum vul- 
gare), Millet (Eleusino coriu;anaf, Buckwheat, Sago (Cycas revoluta), 
Taro (Arum or Caladiuiu esculentuni*), B.itatae, or Sweet I’otato ; various 
species of Fear, Apple, Crab, &c., Quince, Plum, Apricot, Peach, Medlar; 
many species of Citrus (Orauge.s, Shaddocks, &c.),Molt)ns. 

Tea, Rapes (Brassica siuensisj, Radi.sh, Cucumber, Conomon, Gourds, 
Water-Melon, Ani.se, Star-Anise, Sqja, Nelumbiuin, Trapa, Scirpus tube- 
rosus. Convolvulus reptans. Beans, Peas, Solanum ivthiopicuin, Scsa- 
mum. Hemp, Paper Mulberry, Cotton, Indigo, Isatis indigotica, Urtica 
uivea. 


7. Region of the Seitaminece (Indian, or Roxburgh's Region). 

Mean temperature, C6°-8!P Fahr. 

Character .—The tropical Orders make their appearance, or become moiv 
abundant: Palma!, Cycadeie, Scitaminea;, Aroideae, Artocarpea), Urliceie, 
Euphorbiacem, Lauraceae, Convolvulacete, Bignoniaceaj, Apocyneae, Ru- 
biacese, Leguminosm, Terebinthacese, Meliacese, Guttileraj, Sapindace*, 
Byttneriaceffi, :Malva(!ea). 

The extra-tropical vanish, or only present themselves sparingly: Ccri- 
ce®. Conifer®, Amentace®, Labiat®, Boragine®, Composit®, Rosace®, 
Caryophylle®, Cisface®, Crucifer®, lianunculace®. 

Genera. —Uvaria, Grewia, Eriolrona, Garcinia, Buchanania, Crotolaria, 
Memingia, Butea, Carpopogon, Jambosa, Gratiola, Teclona, Holmskiol- 
dia. Ficus, Phytocreno, Calamus. 

The trees are never without leaves. The number of arborescent plants 
is greater th& outside the tropics. Large and splendid flowers. Many 
climbing, parasitical, and epiphytic plants. 

Predominant arborescent plants .—Hillenia omata, D. scabrella, Uvaria, sp.. 
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Miehelia Campaca, &c., Bombax insignia, &c., StDvc\ilia, an., Astrnpfca 
Wallicliii, Klinocai'pus, sp., Oalophyllum, sp., Oarcinia, ap., Sapindus, ap., 
Swipteiiia tebrifiiga, Ci8sus,sp., Aquilaria iiialaccensis, Semecarpus Anacar- 
diura, Molanorrhcea usitata, Mimosa, sp., Aeacia, ap., Ainherstia nobilis, 
Ptcrooarpus sivntalinus, Cassia iistula, .laiuljosa, sp., Oardonia, sp., Naiiclea, 
sp., Uncaria (iiambir, Diospyros Ebenum, &e., L'rcoola olastica, Jiignonia, 
sp., Avicenuia tomentosa, Tootoua grandi.s,T. llaniiltouiaiia, laiunis Ca.s8ia, 
L.Cinnamomum, L.iiialabathriea,Tetranth(;ra, sp., Myristica, ap., Ilenian- 
dia Sonora, Ficus religiosa, F. indica, F. clastica, F. buiijaniiiia, and many 
others; Cycas revoluta, Horassus tlabelliformis, Cocos nucilera, I'Uato 
sylvostri-s, Metroxylon Sagns, Calamus Hotang, C. rudontum, C. Draco, 
&c., Areca Catecbii, Taliera bengalensis, Dracajna Draco, Pandanus odora- 
tissimus, Flagcllaria indica, llambu.sa anindinacija. 

Cultivated plants. —liico. Millets, &c. (Paiiicura fmmentiiccum, Eleusino 
coracana. Sorghum, sp.), Sago (Cycas circiu.olis). Yarns, Cround-niit (Ara- 
chis), t’ocoa-nut. Tamarind, Mango, Maiigostcen, nannna, Plantain, Uose- 
Apples (Eugoiia, .lambosa), (luava, (Jranges of vari()us kinds. Shaddock, 
Water-Melon, Sugar, Coll'ee, (^'loves, Pei)pers, (linger, Cardamuuis, Tur¬ 
meric, Cotton, Indigo, kv., Soja, Beans, I’ulses (Dolicho.s, sp.). 

8. lieejion of lihodmlendrtrn-trecs {Einodle, or IVnlUeh's Jlet/ion). 

Altitmlcs, •'>,(X)0-12,000 feet. .Vcim temperature, I’alir. 

Character .—Tropical forms disapnear or decrease:—Palma', t’yeadeie, 
Seitaminea-, F.uphorbiaeeic, Solanact.-a?, (Joiuolvulaeere, Apocynaceu', Te- 
rebiijthacea!, Legiiminosie, Malvaceiu, Anonaeeic. 

Extratropical, es])ecially European, forms come to light, or become 
more abundant than in 7, .siieli as ('arieiae, .VmnntuCPic, (kjnili'ne, Poly- 
goncic (Bumex, Polygonum, Klieum), Priniulacca; (Primula, lA-siiuacliia), 
LabiatiB, Ericaee.'e (JMiododendron, Andromeda),(liehoraceie, I’lnbelli- 
fene, Bosacoao (Potentilla, Uubus, Bosn, Pyriis, *>iespilus. Primus), Ace- 
raeea;, Caryopliyllace.'o (Stollaria, Cerastium, Areiiaria), Crucifene, 
Banunculaceie (.\conitum, Kanuuculii.s, 'riialictriim ). 'The (h-chideu; and 
Ferns are very numerous. Other characteristic forms are the 

Genera. —.*Vlliinu, Paris, Plantago, Veronica, lUiinanthus, Pedicularis,' 
l)idymocarpea;,Oentiana, Swertia, (Jampanula, Valeriana, (ialium, Cornus, 
Viburnum. 

Mo/it important trees and shrtih .—Pinus Pindrow, P. Webbiana, P. 
excelsa, P. Khutrow, P. Oerardiana, Abies Smithiana, A. Browniana, 
Cedrus Deodara, (..'upnjssus torulosa, Podocarjms latifolin, .luniporus 
squamata, .f. excelsa, (^iktciis spicata and ten other sp., Corvlus ferox. 
Bdtula utilis, B. nitida, B. alnoides, Alnus nepalensis, Salix disperma, S. 
cuspidata, SL japonica. Daphne cannabina, D. (Jardneri, D. sericea, D. 
Bholua,El.'eagnusarborea, E. conferta, E. umbellat.a,llippophne s.alicifolia, 
Fraxinus floribunda, Eigiistrum nepalons^, E. braeteoiatuin, Xvlosteinn 
ligustrinura, Caprifoliuin japonicum, (k macranthum. Cornua oblonga, C. 
capitata. Viburnum foetidmn &c., Andromeda fomio.sa, A. ovnlifolia, Ac., 
Rhododendron arboreum, ft. barbatum, R. Falconeri, and many other sp.; 
Iledera Hainla, &c., Tlex dipyTena, I. odorata, &c., Ribes Takare, Ro.sa 
microphylla, &c., Rubus rugoaus, R. betulinua, &c., Spirsoa canoscena, &c., 
Neillia thyrsiflora, N. rubiflora, Pyrus Pashia, Mespilus affinis, M. Cuila, 
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&c., Primus iHidulaia, P. cora-soides, Rhus juglandifolium, R, fraxinifolium, 
&c., Rhainniis, sp., Celaatrus, sp., Euonymus, sp., Acer acuminatum, A. 
oblongum, Dobinma vulgaris, Magnolia, sp., Bcrberis asiatica, B. Wal- 
lichiarui, B. Miecia. 

Note .—'llie western portion of tlio Himalayas differs considerably from 
the eastern portion, from the predominance of Uicotvledonous forests and 
a damp climate in the former, with a rarity of Conifers until the limit of 
Abies Smilhiana (10,000 feet) is attained, and an extension of the trimical 
plants to a greater altitude; while in the drier eastern portion the Coni¬ 
fers are dift'used throughout, the forests less considerable, and the plants 
of temperate elfmates dilfused lower down. 

('idfimlt'd pliiiiU .—The cereals and orchard fruits of Europe, mountain 
Rice, and a few tropical plants in the lower regions. 

9. Poh/ncsian (or Rdnwardt's) liegim. 

Mean temperature, CtP-Sd" Fahr. Altitude, 0-6000 feet. 

t'haracUr .—Resembling that of the Indian region. The principal di¬ 
stinction consists in the greater number of Orchidetc (esiiecially parasitic 
spe<-ies, which appear h(‘ro in many peculiar forms'), of Ferns, and species 
of Ficus. A slight approximation to the Australian fonns: Melaleuca, 
Metrosideios, Froteaceie (1 leliophyllum). Among the other character¬ 
istic forms are the 

Oeiura. —Eicuala, T.odoicea, Raiflesia, Brugmansia, Stemonurus, An¬ 
ti,aris, iMyri.'-ticn, Nomaphila, ll 3 -drjphytum, Philagonia, I'isenbeclda, 
Ecliinocarim.s, Avouiadendrou. 

Predominant trees and shridis .—Primaeval forests, c«inpo.sed especially 
of species of Ficus, Laurace.'e, Calameie, and Bignoniace.'c, with Licuala 
.Mpeciosa, l.odoicea seychellarum, Broussonctia papyrif'va, Artocannis in¬ 
cise. Autiaris toxicaiia (Upas), Myristica, .sp., Ardisia, sp., Tectona 
grandis, Stryidinoa 'J’ieuti', Diosjiyros, sp., Barringtonia speciosa, B. excelsa, 
I’liilagonia'pvocera, Cereus, sp., Oalophyllum Inophylluni, Elaeocarpus, 
s]).. Esenbeehia altissima, Echinocai'iuis Siguu. 

Cullirated plants .—same as in the Indian region, with i^road-fiuit, 
(Cassava, Inocarpus edulis, Nutmeg, Camphor, Papaw, Cotton (tree, &c.), 
Papcr-inulberry, Hemp. 

10. Upper Javan (or Plume’s) Pegion. 

AUitvde, 5000-12,000 feet. 

Charaeier .—This region bears a certain resemblance to the Emodic 
region, and ought perhaps to be united with it. Extratropical forms r«- 
place the tropical. Oak-woods replace the forests of Ficus: and these are 
succeeded by forests of Podocarpus mingled with Temstroemiaceous trees, 
above whicli the shrubby Heath* (Thibaudia) and woody Gnaphalia occur 
at a comparatively low elevation (9000 feet), where the trees ceaso. 

Gi-wcert.—Plantago, Lysimachia, Veronica, Gentiana, Swertia, Vac- 
cinium, Caultheria, Vireya, Thibaudia, Beilis, Galium, Saprosina. 

Charaeterishc trees and shrubs .—Temstreemiaceae ((ffeyera), Gordonia, 
Schima, Eurya, Meliaceae, arborescent Eupiitoriea', Lauracese, Ficus, 
Podocarpus amara, P. imbdeata, P. latifolia, P. bractcata, Agathis loran- 
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tWfolia, Qiiercus, lOsp., Myrioa javamca, Caotanea jBvamca,*C. argentea, 
&c Lithocarpua javensis, Engelliai'dtia spicata, rifnua, fhibaudia, »p., 
Bon^osa, sp., Viburnum, sp., Sambucus javanica, llmiuospermum arbo- 
reum, Mespilus, sp. 

11. Oceanic {or Chamisao’s) Rei/um. 

Mean Tcinixtralure, Fabr. 

Character. —A sparing and not very peculiar Hora. Oreatcr approxi¬ 
mation to tbe flora of Asia than to that of Africa; some alliuity to the 
Australian (Caauarina, I’roteai*®, Myoporum, Kpacride®, Melaleuca, 
Acaci® aphyll®). 

Gettera. —Sehiedca, Antboloma, Aporetica, Crossostylis, Codia, Timo- 
nius, Kadua, Cyathostcgia, Argophyllum, Melodinus, Ascarina. 

Preiltrminant treea and shrubs .—Dracaina terniinalis, Tacca pinnatifida, 
Pandanus odoratissiraus, Cocos nucifera, Oorypba umbracnlifera, Cupressus 
columnaris, Casuarina equisetifolia, C. nodillora, Ficus, sp., Artocarpua 
incisa, Aleurites triloba, liinbotbrium 8trobilinuin,Scievola Kceiiigii, \ac- 
cinium cereum, Lobelia orborea, &c.; Coilca kaduariit, C. Mariniaiia, 
Kadua Cookiaua, &c., llhir.ophora Mangle, 11. gymr.orliiza, I'erminalia 
Catalpa, Baningtonia spceiosa, Melaleuca virgala, Sc., Oateonieles anthyl- 
lidifolia, Cas.siti Sophora, Mimosa Miingium, Adoiiantheiascandens, Black- 
burnea pinnata, Calophyllum Inopliyllum, Clusia sessilis, C. pedicellata, 
Sapindus Saponaria, Dodonpea spathulata, 1). visco.sa, Aporetica pinnata, 
A. temata, Grewiu Mallocoeca, Sterculia Balangas, S. fottida, Coniiuersonia 
echinata, Tetracera Euryandra. 

Cultivated plants. —Bread-fruit, Taro (Arum csculentum), Arum sa- 
gittlfolium, A. microrhizon, Tacca piunatilida. Convolvulus cbry.sorbizu8, 
Yam (I)ioscorea alata), Cocoa-nut, Banana, Inocarous edulis, Sterculia 
Balangas, Ficus aspera, F. Crauatuin, Shaddock, llog-plum (Spondiaa 
dulcis), Mimusops dissecta, Tcrniinalia glabra, Crat.'Bva religiosa, liugonia 
nialacccnsis, Dracajiia terminalis. Macropiper methysticum, Areca oleracea, 
Paperrmulberry. ' , 

12. Megion of Balsamic treea {Arabian or Forskul’a Begiun). 

Character. —^Tropical; in greatest part, Indian forms. 

Characteristic genera .— Stnemia. Mierua, Semea, Oncoba, Caucanthus, 
Gemma, Balsamodendron, Cadia, Orygia, Simbuleta. Some approxima¬ 
tion to the South-African flora (Stapelia, IL'cinanthus). 

Predominant trees and shridts .—Pandanus odoratissiraus. Ficus Syca- 
morus, F. salicifolia, F. populifolia, F. FonskSlii, F. palmata, F. serrata, F. 
Snr, F. Toka, Avicennia tomentosa, Oynanchum arboreum, Balsamoden- 
dron gileadense, B. Opobalsainum, B. Kataf, B. Kaful, Celastrus edulis, 
0. parviflora, Grewia populifolia, Maerua uniflora, M. raceraosa. 

Cultivated plants. —Millets (species of Sorghum), six-rowed Barley, 
Maize, Arum Colocasia, Date-palm, Plantain, Cocoa-aut, Tamarind, Fig, 
Papaw, Peach, Apricot, Plum, Apple, Quince, Vine, Cofiee, Sugar, Ginger, 
Ramsh, Spinach, Gourd, Dolichos, sp., Tree-cotton, Indigo., 

Abte.—-Tbip region extends to the plains of North-east India (Scinde), 
and should probably include part of Persia, and also of the Abyssinian 
region. 
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13. The Desert Region (DelUe's Region). 

Mean temperature, 73‘^-86° Fahr. 

Character.—A. very poor flora. No characteristic Orders or genera^ 
but tlie following species: Pennisetuni dichotomum, Pflcenix dactylifera, 
CJucifera Ihebaicii, Euphorbia inauiitauica, .ifErua tomentosa, Acacia nilo- 
tica, A. arabica, A. gummifera, A. Senegal, Cassia obovata, C..Singueana, 
Alliagi uuiurorum, Mimosa llabbus, Zizyphus Palma Christi, ZygophyUum 
simplex, Z. album, Fagouia arabica, F. Oudneyi. 

Vultimtinn .—Only in lire Oases; here principally the Date-Palm. 
Doura (Sorgbvtm vulgare). Wheat, Harley. South-European and certain 
Indian fruits. 

14. Region of Tropical Africa (Adanson’s Region). 

[The Interior little knoion.l 
Mean tertvperaiuTe, 73°-80^ Fahr. 

Character .—The flora is remarkable for the "large number of peculiar 
generic types, each often containing but few species. Leguminos®, Ru- 
biacoic, Cyperace.® voiy prevalent. Comparatively tew species of Palm®, 
Filic( s, Scilamiue®, Piperace®, Pas.siflorc®. 

tVcemo—Adaiisonia, Dombeya, Molhauia, Christiania, Pentadesma, 
Napoleonu, I’arkia, Thonningia. 

Predotninant trees and shrubs .—Anona senegalensis, &c., Cadaba fari- 
nosa, (.'raticva, Adansonii, Cappiu^s ediilis, Pentadesma butvracea, liom- 
bax peutandriim, D. guiiieense, Adaflsonia digitata, Stercuha acuminata, 
Grewua carpinifolia. Acacia, sp.. Cassia occideutaRs, Pterocarpus esculen- 
tus, Parkia africana, Chrysobalanus Icaco, Conocarpus^ pubescens, Rhizo- 
phora, .sp., P.sychotria, sp,, Riguonia tulipifera, Avicennia africana. Eu¬ 
phorbia (shrubby species). Ficus, sp., Elais guineensis, E. melauococca, 
Rhapis vinifern,'Phcenix spinosa, Pandauus candelabrum. 

Cultivated plants. —Maize, Rice, Millets (Sorghum vulgare, saccharatum, 
I’auicuui, sp.), Yam (Dioscorea alata, sativg), (Jassava, .^um eBculentum, 
Plantains, Mango, Papaw, Pine-apple, Oil-palm, Cashew-nut, Figs, Tama¬ 
rind, Citru.s, sp. (Oranges, Limes, Lemons, &c.), Cottee, Su^, Ginger, 
Cardamoni.s, Grains of Paradise, &c.. Beans of various kinds, and Do- 
lichos pulses, Ground-nut (Arachis), edible Solana, Cotton, TobaccOj^ 


15. Region of Cacti and Riperacece (Jaeguin's Region). 

Mexieo, Guiana, 

Altitude, up to 6000 feet. , Mean teniperature, 68°-84° Fahr. ^ 

Character. —Bromeliace®, Piperace®, Pqssiflorace®, Oactace®, Euphoi'- 
biaceffi, Convolvulace®, ApoCTnacete, Rubiace®. Tropical Orders leM 
frequent here than in other places t^hin the tropics: Filices, Soitami- 
ne®, Orchidace®, Myitace®, Leguminos®, Terebinthace®, Am-^tiacero, 
Tiliace®, Malvace®. Extratropical Orders appearing or becoming more 
abundant: .fcabiat®, Ericace®, Campanulace®, Composit®, Umbellifer®, 
Crassulace®, Rosace®, Caryophyllace®, Crucifer®, Raminculace®. 

Characteristic genera. —^Phytelephas, Kunthia, Galactodendron, Podo- 

2 a 
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pterus, Salpianthus, Eussellia, Lagasoea, Qronovia, Inga, Thouinia, Lace- 
pedia, Theobronia, Guazumo. 

Predmnimnt trees and shrubs. —Oyathea spinosa, C. villosa, Meniscium 
arborescena, Agave americana, Yucca acaulis, Cocos nucifera, C. buty- 
racca, Mauritia flexuosa, Martinezia caiyotifolia, Oreodoxa montana, 
Kunthia montana, Chamasrops Morini, Coryplia Miraguama, C. Pumos, 
C. tectorum, &c., Liquidambar styrociflua, Cecnmia peltata, Galactoden- 
dron utile, Ehopala ovata, Avicennia tomentosa, Ehretia tei-nifolia, Cordia 
dentata, Cereus, sp., Melocactus, sp., Opuntia, sp., Pereskia, sp., Mammil- 
laria, sp., Liecythia elliptica, &c., Bertholletia excelsa, arborescent klela- 
stomae, Baumnia splendens, 13. suaveolens, &c., Hiematoxylon cainpe- 
chianum, Ceesalpinia cassioides, &c., Acacia comigera, A. fcetida, &c., 
Hymenaoa Courbaril, &c., Inga Humboldtinna, I. insigiiis, &c., Mimosa, 
sp., Swietenia Mahogani, Bonplandia trifoliata. 

Ctdtioated plants. —Maize, Doura, Cassava, Yam, Batatas, Plantain, 
Mango, Custard-apples, Guavas, Cocoa-nut, Papaw, Peach, Pine-apple, 
Cashew-nut, Tamarind, species of Citrus, Granadilla, Vine, Cactus-tig, 
Rose-^plo, Cocoa, Vanilla, Coffee, Sugar, Tomatos, Capsicums, Pigeon- 
peas (Cajanus), Ground-nut, Cochineal-cactus, Tobacco, Cotton. 

16. Megion of the Mexican Highlands (BonplancPs Pegioii). 

Altitude, above 5000 feet. Mean temperature, 07°-79° Fahr. 

Character. —^Tropical forms vanishing or decreasing: Tree-ferns, Palmaj, 
Piperaceee, Euphorbiacete, Melastopiaceas, Passifloraccio. Extratropical 
forms make their appearance or become more abundant: Amentaceta 
(Salix, Quercus), Conifer® (Pinus, Cupressus), Eabiat® (Salvia, Staehys, 
Mamibium),PeQicVilaria, Anchusa, Myosotis, Polemonium, Ericace® (Vae- 
cinium. Arbutus, Arctostaphylos), Composit® (greatly increasing:), 
Valeriana, Galium, Comus, Caprifolium, Umbellifera’, llosace® (Ann g- 
dalua, Meapilus, liosa, Potentilla), Caryophylle® (Arenaria), Crucifer® 
(Draba), SWunculace® (Anemone, Ranunculus). 

Characteristic genera. —Miridbilis, Maurandya, Leucophyllum, IToltzia, 
Dahlia, Zinnia, Schkuhria, Ximenosia, Lopezia, Vauquelinia, Choisya, 
Cheirostenkm. 

Predominant trees and shrubs. —^Pinus bccidentalis, Abies hirtella, Cu- 

g re^us thurifei^ C. sabinoides, Taxodium distichum, Quercus (16 sp.), 
alix Bonplandiana, S. paradoxa, &c.. Arbutus mollis, A. petiolaris, Arc- 
tostaphyloa polifolia, A.pungens, &c., Vacciuium geminidorum, V. sta- 
mineum, V. confertmUj liosa Montezum®, Mespilus pubescens, Amyg- 
dalus microphylla, Cheirostemon platauoides. 

Cultivated plants. —Maize, European cereals and fruits. 
iHote .—In the uppermost regions of the mountains the flora acquires an 
alpine aspect. Here occur Cyperus toluccensis, Chelone gentianoides, 
Caicus nivalis, Ageratum arbutifoliiim, Senecio (many procumbent species), 
Potentilla ranunculoides, Lupinus elegmis, E. montana, Arenaria bryoides. 

17. Megion of Cinchoms (Andes, or Humboldt’s Meg^fm). 

Altitude, 6000-0000 feet. Mean temperature, 69°-08° Fahr. 
Character. —Extratropical forms make their appearance, or become 
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more frequent. Graminacese, Amentacem (Quercus, Salix), Labiatce 
(.Salvia, Stachys, Scutellaria), Aucliusa, Myosotis, Swertia, Erioese, Com- 
positso (very numerous^, Oaprifoliacem (Viburnum, Sambucus), Umbel- 
liforae (Ferula, Ligusticum), RosaceiC, CrucifoKe, Ranunculaceae. On 
the other hand, certain tropical forms vanish or become rarer, but a few 
particular species of Palmoe, IHpernceae, Qactaeeeej'Passiflora, and Mela- 
stoinaceae ascend to a considerable altitude. 

6r'«jer«.—Lilaja, Cervantesia, Oreocallis, Lachnostomaj Qaylussaccia, 
Stovia, Flayeria, Tagetes, Esspeletia, Cinchona, Guillominia, Loasa, Ka- 
gencckia, XegrCitia, Amicia, Perottetia, Dulongea, Laplacea, Freziera, 
Abatia, Monmna. 

Pmiuminant trees and s7truhs. —Oreodoxa frigida, Ceroxylon andicola, 
Podocarpus taxifolia, Salix Ilumholdtiana, Quercus llumboldtiana, Q. 
almaguerensis, Q. toliniensis. Ficus vclutina, Rhopala cordifolia, Oreo¬ 
callis grnndiilor.a, Persea Iffivigata, P. Mutisii, P. sericea, Ocotea mollis, 
O. sericea, Vaccinium caracasanum, Andromeda bracamorensis, Befaria 
glauca, B. ledifoha, Cinchona Condaminea, C. cordifolia, C. oblongifolia, 
C. lancifolia, &c., Weinmannia elliptica, W. Balbisiana, &c., Osteomeles 
glabrata, Itubus floribuudus, Ilex bumcloides, I. myricoides, Clusia el¬ 
liptica. 

Qidtimtted plants .—The tropical cultivated plants mentioned under 16 
almost entirely disappear; Maize and Coffee, however, are cultivated in 
this region; after these come the European cereals and fruits. Potatoes, 
anl Chenopodium Quinoa. 

18. Iter/ion of PscaUunice and Cakeolarim (Puis and Pavmi's Regtori). 

Altitude, 90(X)-18,000 feet. Mean temperature, 6^-34° Fahr. 

Character .—tropical forms have disappeared almost entirely, but 
the following genera still occur:—Tillandsia, Oncidium, Peperomia, 
Rhexia, Passiflora. The forms which characterize the colder temperate 
and the polar zones become more commoi^: Lichenales, Musci, Carex, 
l.uzula, Alnus, Rumex, Plantago, Gontiana, Swertia, Vaccinium, Cam¬ 
panula, Cacalia, Sonecio, Umbelliferoj, Valeriana, Saxifraga, Ril^s, Rubus, 
Alcliemilla, Caiyophyllacese (Sagina, iVrenaiia, Cerasuum, Stellaria), Cru- 
ciferaj (Draba, Arabis). 

Predominant Orders. —Composite, Graminacese, Ericaceae. No lal^o 
trees. 

Characteristic genera. —Desveuxia, Tigridia, Gardo(^uia, Calceolaria, 
Thibaudia, Lysipoma, Barnadesia, Ilomanthis, Chuquiniga, Culcitium, 
tVernera, Bumerillia, E.scallonia, Pectophytum, Klaprothia, Polylepis. 

Predominant shrubs .—Alnus ferrugiiiea, A. acuminata, Vaccinium acu; 
minatum, V. empetrifolium, V. floribundum, &c., Thibaudia rupestris, T. 
iioribunda, T. longifolia, T. strobilifern, Befaria grandiflora, B. coarctata, 
Itibes frigidum, Escallonia myntilloides. E. tortuosa, E. berberidifolia, 
Ilex scopulorum, Brymis granateusis. 

19. West-Indian (or Swartz's) Pegioti, 

Mean temperature, 69°-79° Fahr. 

Character ,—Aue flora of this group of islands approaches that of the 

2 G 2 
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adjacent continent, but is distinguished especially (like the PoljTiesian 
from the Indian floral by the great q^uantity of t’ilices and Orcliidaccie. 
In addition to these Orders, ^ye find among the characteristic forms the 
following:— 

Getiera. —Thrinax, Enistylium, Alehornea, Tanaecium, Tetranthiis, 
Catesbina, Belonia, Portlandia, Picramnia, Legnotis, Lithophila, A'^alen- 
tinin, Hypelate. 

The following are deserving of mention among the predominant trees 
and shrubs:—Cocos nucifera, Piuus occidentalis, Laurus, sp., Melastoma, 
sp., Myrtus, sp., Sterculia, sp., Uvaria, sp. i 

Cidtivated plants the same as in 15. 


20. Reyion of Palms and Melastoma {JirazUian or Martins's Peyion). 

Mean temperature, 5iP-84^’ Fahr. 

Character. —Probably that portion of the globe in which the Vegetable 
Kingdom presents the greatest profusion and variety. Abundiince of 
genera and specie.s, magnitude of individuals, impenetrable (primieval) 
forests, numerous climbing and parasitical plants. Among the charac- 
teri.stic although not peculiar Orders may bo jinm(‘d Pahnm, Hamio- 
doraceaj, GesiieraceiO, Melastomacoio, and Sapindaceic; tlio Voohysiacea; 
are peculiar. The peculiar genera are too numerous to bo all mentioned 
here; among those richest in species (ire the 

Genera. —Vollosia, llarbacc'uia, ^lanihot, Franciscea, Ditassa, I.ycno- 
phoM, Diplusodon, Kielmcj'ora, Sauvagesiu. Eavradia. 

.Characteristic ;(miera and species, ae.cordiny to the different modes of 
oeeurretiee. —In the priniteval forests: Palms of various genera, Thoa, 
Ficus, Cecropia, Anda, Ithopala, Mvristica. Ilignonia, Tluiophrasta, .Stilftia, 
O.xyanthus, Coutarea, Psyohotria, llertiera, Feiiillea, Carica, iMyrtus, (iiis- 
tavia, Leevthia, Bertholletia, .Melastoma, llymeiiica, Dimorpha, Tratti- 
nickia. Pilocarpus, Trichilia, Oedi-ela, Cupnnia, Banisteria, llippocratea, 
Caryocar, Man^gravia, Clusia, Oalophyllmu, Sloanea, Giithoa, Lebretonia, 
Abroma, Carolinea, Bixa, Uvaria. 

In the (Satingas (or open woods, where the trees lose their leaves in the 
dry season) : Jatropha, sp.. Acacia, sp.. Mimosa, sp., Cin.snlpinia pub(“scen.s, 
&c., Spondias tuberosa, 1 hryallis bia.sillensi.s, Chori.sia ventricosa, Bombax, 
sp., Eriodendron, sp., Pourretia ventricosa, Oapparis lineata, &c., Anonn 
oDtusifolia, &c. 

In the Campos (open treele.ss plains): Panicea', Amaryllis, Alstroe- 
meria, Vellosia, Barbacenia, Bm'niannia, Stells, Cnemidosliichys, Ithopala, 
Laurus, Ocotea, Goumhrena, Lantana, Echites, Ilancornia speciosa. Ges- 
iftra, Lycnophora, Baccharis, Vomonia, Mikania, Stevia, Melastoma, 
Bhexia, Terminalia fagifolia, Gaudichaudia, Sauvagosia, Lavradia, Iflect- 
anthera. 

On the 8ea-coa.sts: Cocos saliizophy'ila, Diplothemiuni maritimum, 
Eriocaulon, sp., Xyris, sp., Avicemiin tomentosa, Rhizophora Mangle, 
Conocarpus erectus, Laguncularia racemosa, Bucida Buceras. 

Ctdlivated plants, about as in 16. 
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21. Beijion of ghrubhy Compositce (Extratropical S.-Atnerican, or SL- 
Hikdre’a Region). 

Mean temperature, •59°-74° Fahr. 

Character .—The tropical forms decrease or vanish; extratropical, 
especially European, forms take their place: Kanun^ulacem, Cruciform, 
Helianthemum, Caryophii^llaceie, Lathyrus, Galium, Teucrium, Plantago, 
Carex; a few South-African forms, Polyg^a, Oxalis, Gnaphalium. This 
region lias more than half its genera in common with Europe. Numerous 
Compositio; mjuiy among these shrahby. 

Genera. —Earrea, Hortia, Piposis, Boopis, Acicarpha, Cortesia, Petunia, 
Jaboro.sa, Trioycla, Caperonia, JJipennula. In great part consisting of open 
hat plains (Pampas), over which Grasses and Thistles prevail. 

Cultivated planU .—Mostly the European: Wheat, Vine. The Peach is 
very widely spread. 


23. Ute Antarctic Region (Z)’ Un ille's Region), 

Mean temperature, 4P-48^ Fahr. 

Character .—Great vesomhl.ance to the North-Eiiropnan flora (Region 2). 
The tropical forms have entirely vanished. 

Predominant Orders. —Compositic, GraminacefO, Caricem, Musci, Li- 
chenes. The following are also common: Ramincniaceae, Cruciform, 
Caryophyllaceic, Ro- acem, [Imhefliferm. Two-thirds of the genera in 
common with Europe. A slight approximation to South Africa (Gla¬ 
diolus, Witsena, Gala.\ia, Crassula) and to Australia (Emhothrium, 
Ouri.sia, Stylidi.m, Mniarum). ' 

Charaeferisfic genera. —Gaimardia, Astelia, Callixene, Philesia, Pra- 
petes, ll.-ca, Calceolaria, Pemettya, Oligosporus, Nas-savia, Bolax, Asorella, 
Ponatia, Ac.mna, JIamadryas. 

Predominant trees atui shrubs .—Fagus antarctica, Salix niageUanica, 
Emhothrium coccineum, Pemettya empetrifolia, P. mucronata, Andro¬ 
meda myrsinites, Baccharis tridontata, Chiliotriohum amelloides, Rihes 
magellauicum, Escallonia serrata. Fuchsia coccinea, Myrtus linmmulm-ia, 
BerlHU'is ilicifolia, B. inermis, B. luicrophylla, B. empetrifolia, Priniys 
Wiiiteii. No cultivation. 


23. Region of Stapelier and Mesetnbrganthetna {S. African, or 
Thunberg's Region). 

Mean temperature, Fahr. ^ 

Character .—A flora very rich in fomis, hut not luxuriant; no large dense 
forests, or abundance of climbing plants, &c.; many succulent plants. 

Characteristic Orders. —Restiacem, Ifidacom, Proteacem, Ericaceai, Fi- 
coidem, Bruniacem, Piosmem, Gerauiacete, Oxalidem, Pol)'galacem. 

Genera. —Restio, Ixia, Gladiolus, Mortea, Watsonia, Hmmanthus, Stru- 
maria, Aga]i^nthus, Eucomis, Massonia, Strelitzia, Passerina, Gnidia, 
Protea, Eeucadendion, lieucospemium, Serruraria (and many other Pro¬ 
teacem), Stilbe, Selago, Stapelia, Erica, Gnaphalium, llolichrysum, Stobsea, 
Pteronia, Osteospemrum, Tarchonanthus, Relhania, Gorteria, Arctotis, 
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Othonna, Stoebe, (Edera, Anthospermiim, Mesembryantliemum, Vahlia, 
Liparia, Borbonia, Lebeckia, llaffma, Aspalathiis, Stavia, Brunia, Phylica, 
Biosma, Pelargonium, Oxalis, Sparmannia, Muraltia, Polygala, Pensea, 
Welwitschia. 

Predominant forms .—On the sandy districts of the coasts: Stapelia, 
Iridacefe, Mesembrvanthemum, Restio, Diosma. On the mountains: 
Proteacea), Erica, Crassula, &c. On the dry plateaux: Acmcia capensis, 
A. giraff®, A. detinens, A. viridamis. Euphorbia mauritanica, E. tenax, 
Poa spinosa, Mesembryanthemuni, sp.. Aloe, Iridace®, Erica, Diosnie®, 
Restio. I 

Other remarkable Hremanthus coccincus, Amaryllis toxicaria, 

Testudinnria montana, T. elephantipes, Podocarpus elongatus, Salix 
gariepina. Protea mellifera, P. g^andiflora, I^eucadendron argenteum, 
Laurus bullata, Lycium tetrandrum, Olea similis, Rhizogum trichotomum, 
Tarchonanthus camphoratus, Stoebe rhinocerotis, Crassula coccinea, Por- 
tulacaria afra, Mesembryanthemum edule, ]\[. turbinitbrme, IMetrosideros 
angustifolia, Acacia elephantina, Zizyphus biibalina, Calodeiidron caponso, 
"Welwitschia mirabilis, Succulent vines (Vitis), &c. 

Cultivated plants .—The European cereals, fruits, and esculent vege¬ 
tables; also Sorghum caffrorum. Batatas, Plantains, Tamarind, Guava, 
Shaddock. 


24. Meffiott of the JHiicali/pH anfl Epacrides {Australian, or 
R. Rrotep’s Region). 

Mean temperature, 53°-73'^ Fahr. 

Character .—One of the richest and most peculiar floras, but without 
any considerable profusion of vegetation. 

The charactenstie orders and genera are — Xerotes, Xanthorrhcea, 
Pterostyles, Casuarin®, Leptoraeria, Pimelea, Proteacere (Banksia, Ilakea, 
Persoonia, Grevillea, Petrophila, Isopogon, Dryandra), Myoporine®, West- 
ringia, Logania, Mitrasacnie, Epacridace® (Epaoris, Eeucopogon, Sty- 
phelia), Stackhousie®, Screvolero, Goodenovie®, Stylide®, Eucalyptus, 
Melaleuca,'Leptospennum, Acaci® aphyll®, Platylobium, Bossi®a, Dios- 
me® (Boronia, Zieria), Pittospore®, Tremandro®, Pleurandra, Hibbertia. 

Rredominant trees and shrubs. —Throe-fourths of the forests are com¬ 
posed of species of Eucalyptus, the number of vchich amount to more than 
a hundred. Next to these come Proteace®, Epacride®, Diosme®, Ca- 
suarin®, and Acaci® aphyll®, forming woods and “ bush.” Also Conifer®, 
Araucaria excelsa, A. Bidwilli, A. Cunninghamii, Cookii, Dacrydium 
Franklinii, Podocarpus spinulosa. 

^Cultivated plants .—In the European colonies the cereals, fruits, and 
vegetables of Europe. 

25, Eew-Zedland Aegion {Forster’s Region). 

Temperate climate. 

Character .—Tropical forms vanish, or appear but sparingly. Half the 
genera European. Approximation to Australia (Pimelem Myoporum, 
Epacris, Styphelia, Cassinia, Melaleuca); to South Africa (Gnaphalium, 
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Xeranthemum, Totragonia, Mesembryanthemum, Oxalis); to the Ant¬ 
arctic region (Mniartun, Fuchsia, Acaina, Drimys). Very many Ferns. 

Genmi. —Phorniium, Pennantia, Knightia, Forsfbra, Griselinia, Meli- 
oope, Diccra, Plagianthus, Melictiis. 

Characicristic species .—Cyathea medullatis, Gleicheniafurcata, Dracaena 
ndivisa, D. australis, Phormium tenax, Areca sapida, Dacrydium taxi- 
folium, Daitimara australis, Podocarpus Totarra, Knightia excelsa, Avi- 
cennia rosinifera, Andromeda rupestris, Epacris juniperina, &c., Wein- 
mannia racemosa, Tetragonia expanse, Fuchsia excorticate, Melaleuca, 
sp,, Dicera dentate, D. serrate. 

Cultivated plants .—Arum esculentum. Convolvulus chrysorhizus, Phor¬ 
mium tenax (New-Zealand flax). Paper-mulberry. In the European 
colonies the cereals, fruits, and esculents of Central Europe. 


Sect. 4. Statistics op Vegetation. 

Various authors have made computations from existing 
data, vith a view to ascertain the total number of existing species 
of Pluincroganiia; but as the opinions of authors as to what limits 
a species are so extremely varied, it seems useless to occupy space 
with such speculative matter. The computations range from 100,000 
to 300,0(*0 species and upwards. It is somewhat more easy to lay 
down some general statistical facts regarding the distribution, and 
particularly in reference to the relative proportions of the more im¬ 
portant Classes and Orders, in different regions oPthe globe. 

947. Materials are insufficient to enable us to calculate the 
relative distribution of Crj'ptogamia and Phanerogamia in different 
regions. The former appear to boar a higher proportion to the 
latter as Ave recede from the equator to the poles; but this may 
depend upon our better acquaintance with the Cryptogamic Floras 
of the northern temperate regions than with the Cryptogamia of the 
warmer climates. 

948. As regards the relative abundance of Monocotyledons,and 
Dicotyledons in different latitudes, ft is generally agreed that the 
proportion of Monocotyledons to Dicotyledons increases from the 
equator towards the poles,—a retrogression of the proportional 
number taking place, however, in the icy regions of the poles and on 
alpine summits. As a rule also, closely connected with the ah#ve 
statements. Monocotyledons are more predominant in proportion to 
the greater moisture of a climate. 

949. Probably no Orders‘except* the Leguminostc and the Com¬ 
posite, contain a number of species amounting to 5 per cent, of the 
total number of Phanerogamic species. Thus the existence of species 
of one Order in any region exceeding in number 5 per cent, of all 
the species found there, indicates a predominance of that Order. If 
such predominance occur only in one region, the Order becomes 
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eharartemtu' of tiidt region; if such predominance of the same Order 
occur in many regions, it indicates wide diffusion of that Order. 

In a very long list of Floras, trom nil parts of the globe, compared by 
Alpb. Do C'amlolle, it was found that only :1‘) Olliers of rhanerogamia 
formed more than .5 per cent, in any one or several regions. 

The Orders which presented in one or but a few floras from 10 to 19 
per cent, of the Phanerogamic species were;— 


Caryophyllacese .. Spitzbergen (14^ per cent.). • 

Cr'ncitene . Snitzbergen (19), and Melville Island (13^). 

Leguminosffi _ Almost all intertropieal and subtropical regions. 

lIubiacesB ...... Sierra Leone (10). 

Proteaceae . Australia (11 i). 

Mela.stomace8e .. West coast of tropical America (11J-), Brazil (?). 
Saxifragacece .... Spitzbergen (14-it), Melville Island (16). * 

Solanacea) . Ascension (16) (naturalized). 

Myrtaceas . Brazil (?). 

Cyperacem. I.apland (1.3), Iceland (11), Brocken (12). 

Orchidaceso. New Guinea (1<>:.), .lava (10), Mamdtius (111), 

S. Me.xieo (lb). 


Of Orders ordinarily exceeding 10 per cent, of a flora,— 

Gramlnace.'B con.stituti‘d IS per cent, in Spitzbergen; 21 in ^lelville 
Island; 27 in Kerguelen's l,and. Ginnpositie, 18) per cemt. in California 
and Mexico: 19 in the Malouines; 21 m Chili; 22 at (iuito; 2*5 in the 
8. of Buenos Ayres'; 27 in .luan Fernandez. 

Orders with more than 30 per cent, occun-ed in exceptional loc.alities, 
viz. Compositpe (.'W)) iu the elevated parts of Chili, and Cyperaceie (.33^) 
at Tristan d’Acunha. 

9.50. Certain Orders predominate in particular latitudes, without 

being in their natiirc characteristic of those latitudes. 

• 

Thus, while in some regions of the tropical zone the Palms, Zingi- 
beragpaj, Marantaceno, yfela.stomacea3, Mnlpighiacem, &c. are really cha¬ 
racteristic, the predominant .species of the tropical floras are not niem- 
bera of such Orders as Lauracem, Menispcnuace.'c, Anonacese, Bombaccfo, 
which have their maximum in hot climates, but belong to the Legtinii- 
nosm, Graminacene, and Composite, which exceed 10 per cent, gcmerally 
in the tropics: the Orchidaceaj and Cyperacem follow next, then Eii- 
pharbiaceK, Urticacem, Melastomacem,'and Scrophulariacero; of which, 
MelastomacesB alone belong exclusively to hot regions. 

Other Orders occurring in many tropical floras, but forming loss than 
6 per cent, of the species, are;— , ' 

Convolvulace®, Malvacere, Piperace.m, Zingiberacere, and Marantacese, 
Solanace®, and less commonly Acanthace®, Amentace®, Apocynace®, 
Bignoniacero, Boraginace®. Capparidacere, Cncurbitaco®, Oentianace®, 
Labiat®, Laurace®, Lorantlume®, Malpighiace®, Myrtacero, Umbolliferje, 
Palmacero, Passiflorace®, Rosace®, .Kutace®, Anacardiaco®, and Ver- 
benace®. 
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The Ferns are likewise exceedingly predominant in species in the 
islands of the tropics (16, 21, 26 per cent.). 

In northern tcmjxjrate latitudes (from the tropic to 60° N. lat.), again, 
Composite, Grammacea), Cyperace®, and Leguminos® predominate in 
species; the Cyperace.® increasing northward, the I®guminos® rapidly 
decreasing (Granada 8 per c.eut., Yorkshire per cent.). Next follow 
Crucifer®, Umbclliferre, and Caryoph^yllace®; then Lahiat®, Rosace®, 
and Hcrophulariacefo. No oth(>r Orders exceed 5 per cent, of the species, 
and only attain this in exceptional localitii's. 

In the nortUtirn zone beyond 60° N. lat., the species predominating north¬ 
wards are Graminace®, Cnicifer®, .Saxifragace®, Caryopliyllace®, Ita- 
nunculace.®, I'osacem, Cyperace® (6-7 per cent.). Coniposit® form 7 per 
cent, in Melville Island, but only 4-6 per cent, in Hpitzbergen. Amen- 
tiferte {Betulace®, Salicace®, &c,) and Juncace® barely i-each 6 per cent.; 
IkjJ^gonacctD, Ericace®, and Scrophulariace® approach this number, but 
ar®ioslly below it. 

In the south temperate zone we find two classes of regions, one dry, the 
other with a damp climate. The former comprehends the Cape of Good 
Hope, Atiatralia, Chili, and La Plata. Composit® predominate at the 
Capo and in America, but in Australia fall to 7 per cent. Leguminos®, 
on the contrary, make but 7 to 12 per cent, in America and at the Cape, 
but 14 per cent, in Australia. The Grasses are not more than 3 to 6 per 
cent, anywhere, and the Cjiierace® still fewer. 

The Capo and Australia haw, however, certain especially abundant 
Orders; thus I’rotcacc® form 2 to (iper emit, at the Cape, 8-12 per cent, 
in Australia; Myrtime® !) per cent., and Epacridace® 4-6 per cent, in 
Australia; Iridace.'c 4-6 per cent., Liliace® 4-5 pej cent., and Ericace® 
2-6 per cent, at the Capo; Stylidiace® and Goodcniace® are especially 
Australian. 

In the moist regions, comprising parts of the African coast, Tasmania, 
New Zealand, Island of Chiloe, &c., the Grasses and Composit® increase in 
departing from the tr^icsCyperace® rise to 4-8 per cent.; Orchid^e®, 
4 i_g^ per cent.; and Ferns aro very numerou.s in the islands. Restiacero 
increase in Tasmania, but Proteace®, Leguminos®, with^ Stylidiace®, 
Goodeniace®, See,, decrease. The proportions in the southern extremity 
of America approach those of the temperate and moist regions of the 
northern hemisphere. • 

As a general statement, it may be said that of the three most fre- 
quently predominating Orders, Leguminos® are diminished in propor¬ 
tion to temperature, the Composit® are lessened by combined cold and 
humidity, and the Graminace® are least predominant where the climate 
is dry. 


2 o 5 



670 


GEOGKAPniCAI AND GHOtOGICAI, BOTANT. 


CHAPTEU III. 


BOTANIC.\L GEOLOGY. 

Sect. 1. Hatdke and Impoetance of Fossil Plants. 

951. Ecmains and traces of plants aro met with in most of the 
stratified rocks which have been produced by successive geological 
changes of the earth’s surface. These remains afford an indication, 
more'or less perfect in different cases, of the nature of the vegetation 
which has existed in earlier periods of tlie world’s history. Vege¬ 
table remains found imbedded in geological formations aro called 
fossil plants ; and the condition in which those fossils occur are ex¬ 
ceedingly varied, both as to the nature of tho substance preso^ng 
the vegetable forms, and tho degree of perfection of tho forms pre¬ 
served. 

The principal kinds of fossils may be classed as follovrs :—1. Ptirijicd 
pltmts, in which the structures of plants have been more orlessconipli>toly 
impregnated ■with mineml matter, hardening them into a stony mass. 
They present various modifications, in which more or less of the organic 
matter remains, completely impregnated with mineral substances, or 
where the mineralization is so complete that the organic substance has 
totally disappeared. The mineral Substance of sucli fossils is different 
in different cases. Silicified remains are the most common; fossils im- 
pi-egiiatod with ca/oonate or sulphate of lime abound in other strata, 
while fossils of dense or earthy ironstone, argillaceous ironstone, and, 
lastly,iron-pyiites are frequent in particular rocks; impregnations with 
rock-salt, oxide of copper, alumina, &c. are rarer. 

2. Coal, where tho vegetable substance is more or less completely con¬ 
verted into a solid, black, combustible carbonaceous substance, of stone¬ 
like aspect. This occurs in almost every possible modification, in masses 
or in the form of isolated plants or organs of plants, from the .solid stony. 
anthracite to the broivn coal or lignite, which preserves the organic texture 
and js recognizable at first sight as vegetable matter. Coal-beds are 
formed through the accumulation of vast masses of vegetation, and their 
conversion through pressure and chemical changes into solid masses; but 
leaves, stems, or parts of stems, such as layers of bark, fruits, &c., con¬ 
verted into coal, are found isolated in .strata of various composition. 
With these last aro intimately connected the numerous fossils which are 
tni* petrifactions, but have the organic matter preserved in the mineral 
substance in the condition of coal, giving a coal-like aspect to tho foa.sil. 

.‘1. Impressions or natural casts of plants or organs of plants, which have 
been formed by the vegetable objeqta biin^incrusted by, or imbedded in, 
mineral substance and decaying subsequently to the solidification of tho 
enclosing substance; the cavity left by tho decayed vegetable may bo 
filled up by the same or a different mineral substance ; and Casts of tho 
internal parts of stems &c. are met -with, from the penetration of tho 
mineral matter into cavities formed by the quicker decay of succulent 
structures, such as pith. 
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i. Objects contained in amber, the fossil resin of a Pine, wliicli has 
aeciuoiitally enclosed various vegetable and animal bodies wMch it flowed 
oyer while liquid. _ The objects are sometimes thoroughly impregnated 
with amber, liJie miero.scopic objects enclosed in Canada balsam, these 
having been enclosed in a dead or dry condition; in other cases, where 
fresh organs have been enclosed, hollow casts only are found, the en¬ 
closed matter having been more or less decomposed. 

952. The study of vegetable fossils is far less satisfactory than 

that of animal remains, since, in the great majority of cases, the 
structures most distinctive of the subordinate groups of plants are 
formed of very perishable matter. Genera, and even species, of 
animals may bo recognized by bones and shells, which are of a very 
pei-si.stcnt nature, and are found abundantly in stratified rocks. The 
preservation of fossils can only have occurred through the agency 
of water, impregnated with mineralizing matter, or loaded with 
mud which enclo.sed the remains: the vegetable bodies which can 
resist the long-continued action of water are few; and these mostly 
afford only characters of large sections of the vegetable kingdom, 
without furnishing generic, tar less .specific distinctions. Added to 
the fragmentary character of the fossils known, those kinds hitherto 
found possibly only represent, partially prevailing forms of vegeta¬ 
tion. , 

953. Attempts, however, have been made, by combining the 
conclusions of stratigraphical geology and animal palaeontology with 
those of vegetable palaeontologj', to form conceptions of the charac¬ 
ter of the vegetation of succeeding geological periods. The ideas 
obtained in this way, however, are very superficial and exceedingly 
speculative. Still there is much that is promising in the investiga¬ 
tions ; and the genend tendency of all the facts hitherto collected is 
to indicate that there has been a gradually increasing complexity of 
organization in the plants successively created, that ttic plants of 
the earliest epochs belong to the lower Classes, and that the higher 
Phancrogamia appeared only in the later formations—^in the last of 
these probably in smaller proportion than in existing vegetation. In 
the earliest formations (Cambrian, Silurian, »fec.) the few vegetable 
remains are those of Algic, Fuooids, &c. In the Devonian and Carbo¬ 
niferous periods vascular Cryptogams, Perns, Lycopods, Equiseta 
prevailed. In the Triassie and Oolitic periods Gymnospermous plants 
form a marked feature, also Conifers, Cycads, &c., with Tree-ferns 
and traces of Monocotyledcmous plants. With the Cretaceous period 
appear Angiosjiermous plants, beginning with a preponderance of 
Incomplctffi, and passing through Dialypetal® to the more recent 
formatior^, where Gamopetalous plants prevail. But in all cases, 
though there is evidence of progress, there is an overlapping of the 
characteristics of one period by those of another. 
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954. One important iioint, however, must not be overlooked in 
inquiries relating to this subject; that is, the probability of the co¬ 
existence of diversified locnl Jloras, as at the present day, the re¬ 
mains of which might, from purely systematic considerations, be 
regarded as of different antiquity. 

In illustration of this, it may be observed that the remains found in the 
European formations belonging to the epoch immediately preceding the 
present, ofl'er a general resemblance to the prevailing forms of existing 
^orth-American vegetation. 


Sect. 2. Fossil Plants characterizing particular 
Geological Formations. 

1. Flora of the Palreozoic Strata. 

A, Lower and Middle Palaeozoic, or Transition Period. 

955. Comparatively few plants are known in these strata, and a 
considerable amount of uncertainty exists in reference to the deter¬ 
mination of the fossils. liVliat remnants remain in the Cambrian, 
Silurian, and Lower Devonian series fire apparently those of marine 
Algae. In the more recent deposits of this age. Ferns, Calamitcs, 
and Conifers are found. 

• t 

B. Upper Palaeozoic, or CarLonlferous System. 

956. The known floras of this system, remarkable for the pre¬ 
sence of the great coal-beds of Europe, afford a very large number 
of species, in which there is a continued great predominance of the 
Leafy Cryptwgamia (Ferns &c.). 

The principal characteristics revealed here are the absence of 
Dicot^'ledons, the paucity of Monocotyledons, the predominance of 
the Ferns and allied Classes, and of certain plants of organization 
not met with in existing vegetation, referred by some authors to the 
Class of Gymnosperms, by others, and probably more correctly, to 
the vicinity of Lycopodiacese &c. Conifers and Cycads begin to 
appaar, with Stigmarias, Sigillarias, Lepidodendron, &c. The general 
character of this flora is very monotonous, and alike in character 
from the poles to the equator. ^ 

This flora disappears almost entirely in the next System, 

C. Permian Syatem. 

957. The fossils of these strata afford only fragmentary repre¬ 
sentatives of the Carboniferous flora, most of the characteristic genera 
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having disappeared. The Orders are much the same, but less nu¬ 
merously represented by species. Silicifled coniferous wood, Ferns, 
and Algas are found, and also evidence of the existence of Palms.' 

2. Flora of the Mesozoic, or Secondary Strata. 

A. Triasslc, or New Red System, 

O.'iS. In the “Variegated Sandstone” strata of this formation, 
comparatively few species have yet been observed. The Carboni¬ 
ferous species have disappoared; Ferns still predominate, and exhi¬ 
bit peculiar forms; Conifers ( Voitzia, Haidinyera') arc abundant; 
Cycadeac rare, and a few doubtful Monocotyledons {Yuedtes, Palce- 
o.vyris) occur. In the “Kcuper ” Sandstones, with a general analogy 
in the proportion of Orders, except tliat Coniferas arc rare and Cy- 
cadacca; abundant, the genera of Ferns and allied Orders are mostly 
distinct from those of the Vosgesian, or “ Variegated” Sandstones. 

B. Liaesic System. 

959. The essential characters of this epoch are the great pre¬ 
dominance of Cycadca;, which* here appear in several new genera, 
and the existence of Ferns with more highly organized foliage than 
that of the genera of older formations. Algae, Fungi, Lichens, Lyco- 
pods, and Conifers also existed at this period. • 

C. Oolitic System. 

900. The nature of the strata referable here is very diverse; the 
general character of the fossil vegetation consists in abundance of 
Ferns proper, and of CycadoEe, especially of those genera {Zamites 
and Otozamites) approaching nearest to existing fonSs, and the 
greater frequency of the Coniferoe, Brachyjfhyllmn and TJmytes, than 
in the lias. jVlg®, Marsileas, Lycopods are also found. There are 
a large number of known species. 

D, Wealden System. 

901. This formation, remarkable as a freshwater product, has 
afforded comparatively few species of plants, mostly congeneric, 
although spcciftcaUy totinct from those of the Lias; but the pro¬ 
portion of the Cycadaceae to the Ferns is smaller. Eqmsetwm and 
Chara are represented. 


E, Cretaoeoua System. 

962. In this formation we are at once struck with the diminu¬ 
tion of Ferns, Equisetaoese, and allied forms, the reduction of th 
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species of Gymnospcrms, and the appearance of Angiospcrmous 
Phanerogamia, chiefly dicotyledonous (Betula, Myrica, Salix, &c.), 
though traces of Palms and Grasses have been mot with. Tho 
Cyc.adacca3 are stiU numerous; but they and tho Coniforaj do not 
more than equal the Dicotyledons. Tho genus Gredneria, supposed 
to belong to the last class, is very characteristic of the Chalk forma¬ 
tion. The Ferns and Equisotacem almost disappear. 

« 

3. Floras of the Tertiary System. 

963. Tho floras of this system form a more or loss connected 
whole, which is continued in tlie later strata into existing vegeta¬ 
tion. They are especially distinguished from those of older epochs 
by the abundance of Augiospermous Phanerogamia, Dicotyledons, 
and Monocotyledons—above all, Palmacca). Put a sort of transition 
takes, place from tho Cretaceous period to the Eocene. In this 
system, however, the proportion of Gymnosperms rapidly decreases, 
and the Cycadaccse disappear from Europe, while the Conifers ap¬ 
proach the character of the existing genera of temperate regions. 

A. Eocene flora. 

964. The distinctive characteristics, as compared with other 
epoehs, are the presence, though rare, of Palmaccaj, the comparative 
abundance of Algm and marine Monocotyledons (CauUnites, Zoste- 
rites, &c.), and tho existence in Europe of numerous now exotic 
forms, especially represented by the fossil fniits of the Isle of 
Sheppey, the Barton Bod in the Isle of Wight, &c. Though less 
rich than the Miocene, these formations include a largo number of 
species of ^n Australian or Indo-Asiatic typo. Leguminosm of tho 
suborder Csesalpinicae occur. 


B. Miocene Flora. 

965. A very rich flora. No less than 900 species (?) have been 
detected in one locality in Switzerland by Hccr. The Australo- 
Indian forms give place to plants of an American type, resembling 
th» existing vegetation of tho United States, Mexico, and Japan. 
One of the most striking features is the abundance of Palmaeeoe, 
together with Monopctalous Dicotyledons, especially a supposed Bu- 
biaceous genus, Steinhauera. Thi.' list of fossils contains idso a Bam- 
hma\ Lauracese, Combretacem, Leguminosm, Apocynaceoc, belonging 
to warm climates, with many Amentaceous trees, Aceraceas, Pro- 
teace®, and other plants now belon^ng to temperate regions. Nu¬ 
merous vegetable remains occur in beds of this formation at Bovey 
Tracey, Devonshire, and in the Me of Wight. 
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C. Plelocene Flora. 

966. The Dicotyledons predominate, and are most varied, as in 
existing vegetation; the ^foiiocotyledons arc rare; and the I’almaeesB 
of the preceding epochs arc wanting. The general analogy of the 
flora is with those of the temperate regions of Europe, North Ame¬ 
rica, and .Tapan at the present day. According to the determina¬ 
tions made hy palccontologists, many existing genera arc repre¬ 
sented, such as Taxndium, Snlahwia, Cyperaccac, Oomptonia, Thy- 
mclaceai, Safitalacca), Lv/ukhmiJxir, Nyssa, liobinia, Gleditsehia, Bau- 
Jitnia, Cassia, Acacia, Ithas, J^aylans, Oeanothus, Celastrus, Sapindus, 
Liriodendron, Cappnris, Sidcroxylon, Achras, Sympilocos, Comaceffi, 
ilyrtaceac, Pomaceic, Tiliaceo!, Magnoliaceae, Ac. This list includes 
especially modern North-American genera, which existed at that 
time in Europe (§ 954). Qaercus Acer &e. appeared then as now. 

D, Pleistocene Deposits. 

967. The glacial drift and the diluvial deposits belonging to this 

group afford hardly any recognizable vegetable remains, beyond 
fragments of fossil wood of Coniferae, met with occasionally in con¬ 
nexion with the bones of extinct Mammalia, and in a few lignite 
beds. , 

The flora of the glacial period still exists in Alpine districts. 

» 

4. Floras of Early Fornuitiom of the Present Geological Period. 

968. The formations referable to this group consist chiefly of 
freshwat(!r calcareous deposits (tufa), the older peat-bogs, and forests 
now buried or submerged beneath the sea. 

ft(!9. The remains existing in calcareous tufa have .not yet been 
well investigated, partly because the beds are not greatly developed 
in most countries, and partly because they usually contain onlji casts 
of vegetable structure, produced through incrustation. As far as 
we know, the plants are similar to those of the existing floras of the 
regions, with a few exceptions. 

970. The old peat-bogs, especially of Northern Europe, often 
contain vast quantities of recognizable vegetabR remains, belonging 
to species no longer growing in the same spots, but found further 
south, as remains of Corylus, Pinus Picea, &c. in the Shetland 
Islands, of Oaks, Maples, fames, Ash, &c. in Sweden, beyond the 
present limits of those plants. 

971. Remains of forests formed of still existing species occur in 
many parts of Europe, enclosed in diluvial beds. The city of Breslau 
stands on the site of an ancient forest, whence the trunks of Qnereus 
pedunculata are dug out; the same is the case with the city of 



676 


OEOGBAPEICAIi AND GEOLOGICAL BOTANY. 


Bamberg, whero the trunks of trees of groat diameter have been 
found in excavations for railways &c. Similar trunks of Oak are 
occasionally dug out of the diluvial beds in England, as in the upper 
part of the •valley of the Medway. 

972. Submarine forests are kno'wn to exist off many points of 
the British coast ,and the west coast of France; wood obtained from 
a large submerged bed off the eoast of Pombrokeshire is found to 
consist of Oak and Alder, and the wood of Pinus Rijlvestris ; the 
Oak, Elm, Hazel, Walnut, tfec. are found in the British Channel. 

These facts, together with the analogous but more complete evi¬ 
dence derived from animal remains, show a gradual transition from 
the Tertiary to the present geological epoch. 
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BOTANICATi NAMES OP Cl,ASSES, OBDEHS, AND GENERA, AND THE VEENA- 
CCLAB NAMES OP SDECIPiS, REFEllEED TO IN PART 11. OF THIS IVORK. 

Ahde, .3(50. ^Ecidiurn, Omel. 452. ALiSMEiE, .39.3. 

-Vbies, Tnurncf. 404. .'Egiceracf,.e, 311. Alkmui, .32.5. 

Ahietineas, 404. /l^gle, Corr. 239. Allainanda, L. 317. 

AnounEA3, 280. ^Egopodium, L. 288. Allium, L. 375. 

.-Vbvoma, Jacif. 22.5. Adiides, Lour. 382. Allosonis, Bernh. 410. 

Abnis, L. 2(58. Aeeophtta, 441. Allspice, 204. 

Acacda, Mllhl. 250. /Kscbynaiithus, Jack, Almond, 20.3. 

'Acalypba, L. 347. .3.31. Alnus, L. .356. 

Acanthace.e, .329. yEsciilw, L. 2.33. Aloe, Tourncf. 375. 

Aeantliodium,7)/‘/. 329. vKthusa, 288. Aloes, 376. 

.Vcanthiw, L. 329. African Hemp, .377. Aloes-woml, 2-59, 346. 

Acer, L. 2.34. Agapauthus, Ucrit. Alppecnrus, L. 397. 

.VoRUA, 211. .375. Alpmia, Z. 38-5. 

Acehack.e, 234. Agaricace.e, 448. Alsine, Wahlenb, 222. 

.\cliillea, Aer/c. 298. AoAniciF.A;, 449. Ai,sine.e, 222. 

Achiuieiies, P. Br. ,3.31. Agaadcus, L. 449. Alsodeia, Thouars, 219. 

.\chlya, L'ces, .457. Agatliotes, Don, 310. Alsophila, R. Br. 410. 

A(diyranth( a, Z. 338. Agave, Z. .388. AlstroHnoria, Z. 888. 

Acomtmii,7’(w/c«(/.]98. Agi’ostis, Z. 397. Alsteiemerie,®, 388. 

Acorus, Z. .370. Ailanthus, Dcsf. 247. AltlDTja, Z*. 224. 

AcRAinuinmYA, 193. Aizoon, Z. 27*5. ALTiNGiEiP,, 280. 

AcRoniiVA, 192. Ajuga, Z. -327. Alum-root, 242. ' 

.A.eroclii.aiiia, llook.Jil. Aki, 2()5. AJyssum, Z. 214. 

423. Alangiace*®, 208. ^madou, 451. 

Achogens, 19.3. Alangium, Z. 268. y Amaeantaceje, 338. 

.\crosticbum, Z. 416. AlehoiuiUa, Tourncf. Amaranths, 338. 

Actoa, Z. 198. 262. Amnvantus, Z. 3.38. 

Actiuocai-pus, R. Br. Alder, .356. Amahyi.le.e, ,388.’ 

.39.3. AldrovRnda,3/o«47,218. Amaryllidace.®, ,388. 

Adaiisonia, Z. 224. Alolj-is, Z. 389. Aman/llids, 388. 

Adenanthera, Z. 250. Aleurites, Dir.d. .372. Aniaryllis, Z. 388. 

Adhatoda, Nces, .329. Alexaiukrs, 289. Anibrosiiiia, Z. 371. 

Adiantum^. 410. Algas, 428. American Aloe, ;189^ 

Adonis, JJV. 108. Ah/aroba, 268. Auiherstia, Wall. 256. 

Adoxa, Z. 290. Alisma, Juss. 39.3. Ammaiinia, Houst. 271. 

.Echmea, R. .§• P. 391, Alismaceas, .393. Ammi, Tmtrnef. 288. 
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Ammonkicmn, 2i^9. 
Amomum, L. 38ij. 
Ampuikbya, 193. 
Amyodalea!, 201. 
Amybtdacea!, 253. 
Amyris, L. 253. 
.(Vnacakdiaceas, 252. 
Anacyclus, Pers. 208, 
Anagallis, Tmnuf. 310. 
Anamirta, Co/cb. ‘203. 
Ananassa, Zi/ifll. 391. 
Anandria, Siegesb. 299. 
Anchusa, L. 325, 
Andrsea, Phr. 423. 
ANI)ILiEACE.S!, 423. 
Andromeda, L. 304. 
Andropogon, L. 397. 
Anemone, Haller, 198. 
Anemonea!, 198. 
Angelica, Hoffm. 288. 
Angelica, 289. 
Angioptoris,J2o^m.417. 
Angiospebmia, 19.5. 
Angiospora!, 410. 
Angostura hark, 246. 
Angiiria, L. 280. 
Anime, 259. , 

Anise, 289. 

Annatto, 217. 

Anona, L. 202. 
'Anonace.®, 202. 
Antennaria, Corda, 453. 
Antennarika!, 45.3. 
Anthemis, DC. 298. 
Anthistiria, 399. 
Anthocerotba:, 424. 
Anthdxanthum, L. .307. 
Antidesma, L. .3.52. 
Amtirrhinum, L. 33.3. 
Apeiba, L. 227. 
Apiacea!, 286. 

Apitjm, Hoffm. 288. 
Apocynaceai, 316. 
Apocynum,. Tmrnff. 
817. 

Aponogeton, Thunb. 
394. 

Apostasiaceaj, 384. 
Apple, 263. 

Apricot, 263. 
AdtriEOLiACE.®, 813. 


Aquilaria, Zam. 345. 
AtiUIl.ARIAOEA;, .3+5. 
Aqvulegia, Toumef.lQS. 
Arabia, Z. 141. 
Aracea, ,370. 

Arachis, Z. 255. 

Aralia, Z. 290. 
Araliacea!, 290. 
Araucaria, Juss. 404. 
Arbor-vitee, 406. 

Arbre du Voyageur, .388. 
Arbutus, Toumef. ,304. 
Archangelica, iloffm. 
288. 

Arctium, Zam. 298. 
Arctostaphylos, Adans. 

Areca, Z. 365. 
Arenaria, Z. 222. 
Argemone, Toume/.208. 
Aristolochia, Toumef. 
.362. 

Aristolochiacea!, 

.362. 

Arnica, Z. 208. 
Aroidea;, 370. 
Arracacha, 241. 
Arrow-root, .386, 409. 
Arroxo-root, Portland, 
371, 385. 

Artanthe, Miq. .3,58. 
Artemisia, Z. 298. 
Artichoke, 300. 
Artocarpacea!, ,351. 
Artocarpus, Z. 351. 
Arum, Z. 370. 

Arundo, Z. 400. 
Asafvetida, 289. 
Asagrsea, Zindl. 378. 
Asariim, Toumef. ,362. 
Asoi.eptadacea, 317. 
Asclepias, Z. 318. 

Ash, 306. 

Asparagus, Z. 376. 
Asparagus, ,377. , 
AspergilluJ, Mich. 453. 
Asperula, Z. 294. 
Asphodelus, Z, 876. 
Aspidiuni, Swartz, 416. 
Asplenium, Z. 416, 
Assam Tea, 230. 


Aster, Nees, 298, 

Aster, .301. 
Asteraceai, 297. 
Asterantbos, Desf. 266. 
Astragalus, Z. 2o5. 
Astrantia, Toumef. 287. 
Astroloma, R. Br. .305. 
Atherospermacea:, 
341. 

Atriplex, Z. ,3.39, 
Atropa, Z. 32.3. 
Atropacea, 32,3. 
Attalea, H. B. K. .30,5. 
Attar of Roses, 263. 
Atdxergine, 324. 
Aubrietia, Adans. 214. 
Aucuba, Thunb. 291. 
Aurantiacea, 239. 
Auricida, 310. 
Auricglariea, 450. 
Australian Tea, 246, 
266. 

Awstx-alian Currants, 
295. 

Autumn Crocus, .378. 
Ava, ,3.58. 

Arena, Z. .397. 
Averrhoa, Z. 241. 
Avicennia, Z. .328. 
Avocado Pear, .341. 
Axooamia, 420. 
Axjex’-Ayer, 2.38. 
Azalea, Z. ,304. 

Azolla, 411. 

Basclda, Z. 264. 

Bajree, 399. 
IMnnophora, Forst. 
360. 

Balanophoracea, 

.360. 

Ballota, Z. 327. 

Balm, 328. 

Bidni of Gilead, 2,54. 
Balm of Mecca, 264. 
Baesaminacea, 243. 
Balsamodendron, 
Kxmth, 26p. 

Balsam of Copaiba, 259. 
Balsam-of-GUead Fir, 
406. 
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Balmm of Pern, 269. 
Jiaknm of Tolu, 269. 
Jialmrm, 24,‘i, 263. 
Bamboo, 400. 
Bainbasa, L. .397. 
Banana, ,‘587. 
Banisteria, L. 2.‘57. 
Banksia, L.fl. 340. 
Baobab, 226. 
Barbacenia, ^andeUi, 
.389. 

Barbadoes Cherry, 2.37. 
Barbadoes Gooseberry, 

Bark, Jesuits’, 295. 
J5a.rleria, L. .329. 
Barley, ,3{H). 
J5ania(1ezia, L.Jil. 299. 
Barosma, Willd. 245. 

]5a H nTNGTONIACE.S!, 

2(55. 

Bartonia, Sims, 28.3. 
Bartraniia, Iledw. 421. 
]5artsia, L. 3.3.3. 
Bar-v'nod, 2.59. 

Baselln, L. 3.39. 
Basellaceas, 339. 
Basil, 328. 

]5assia, Kdn. 311. 

Bast, 228. 

Batata.s, Cltois. 320. 
Batis, P. Br. 340. 
Bay-tree, .341. 
Bdellium, 2.54. 
Bean-capers, 24,5. 
Beans, 267. 

Beaume h cochon, 254. 
Beech, .365. 

Beef-vood trees, 357. 
Bek, 339. 

Begonia, L. 282. 

BKaONIACEA!, 281. 

Bell-flotcers, 302. 
Belhs, L. 298. 
Belvisiacea:, 26<}. 
Benyal Hemp, 268. 
Ben-nuts, 200. 
Benthamia, Lindi. 291. 
Benzoin, 31.3. 
IJenzoin, Nees, 303. 
Behbebidacea?, 204. 


Berberis, L. 206. 
Berberry, 206. 

Bere, .399. 

Beryamot Orange, 239. 
Bergora, Keen. 289. 
Borgia, L, 2.‘5,3. 

Beta, Tourmf. 839. 
Betel-nuts, ,358. 

Betony, 328. 

Botula, L. 355. 
Betttlackab, 356. 
BOdri, .340. 

Bidens, L. 298. 

Big, 399. 

Bi’gnonales, 330. 
Bignoiiia, L. 3.30. 
Bignoniacea!, 330, 
Bihh, 199. 

Bilberry, ,327. 
BillarJiera, Smith, 248. 
Billbergia, Thunh.S/d].. 
Bindioeed, .320. 
Bindweeds, 343, 
Bireh,»ioC>. 

Bird-linu\ .31.3. 
Birth-icoH, 3(i2. 
Bitter-sweet, .324. 
Bitter-wood, 247. 

Bixa, L. 217. 
Bixacea;, 217. 
Blacliberry, 20.3. 
Blackwellia, Commers. 
282. 

Bhdder-mit, 2.34. 
Bladder-senna, 257. 
Bkulder-wraek, 435. 
Blasia, Mich. 424. 
Blechnuni, L. 416. 
Blight, AiiS. 

Bllmbing, 241. 

Blitum, L. ,3.39. 
Blood-root, 210, .389. 
Blumenbacbio, Schrad. 
283. 

Boeggea, Si. Hilaire, 

Boceonia, L. 208. 
Boehnieria, Jaeq. 350. 
BcEHMEnrEA!, .360. 
Boerhaavia, L. 337. 
Bog-mosses, 422. 


Bog-myrtle, 365. 

Bois de Colophane, 254. 
Boldoa, Jtiss. 203. 
Boletus, HiU. 449. 
Bombaceas, 224. 
Bombax, B. 224. 
Bonnettia), 229. 
Boopis, Juss. 297. 
Borage, 326. 
BoKAGINACEiB, 326. 
Borago, Toumef. 326. 
Borassus, L. 306. 
Bordeaux Turpentine, 
40(5. 

Boronia, Smith, 246. 
Boswellia, Boxb. 263. 
Botany-Bay Gum, 377, 
Botrychium, Swartz, 
417. 

Botrydina, Breb. 437. 
Botrydium, lVallr.437. 
Botiiytacea!, 453. 
Botrytis, Mich. 463. 
Bottle-brush plants, 206. 
Bouvardia, Salisb. 294. 
Bovista, Hill. 449. 
Bpwstring Hemp, 377. 
Bo.cwood, .349. 

Brasenia, L. 207. 
Brassiea, B. 214. 
Brayera, Kunth, 203. 
Brazil-nut, 266. , 

Braal-mood, 2.59. 
Bread-fruit, 351. 
Brocoli, 5^5. 

Bromelia, B. 391. 
Bromeliacea!, ^Ol. 
Bromus, B. 397. 
Broom-Rapes, 3.32. 
Brucea, Miller, 247. 
Bruguiera, Bam. 267. 
Brunia, B. 280. 
Bhuniacea!, 286.* 
Bettnoniacea;, 302. 
Beyaceai, 420. 
Bryonia, B, 280. 
Bryony, black, 37.3. 
Brt/ony, white, 281. 
Bryo|%llum, Salisb, 

Bryopsis, Bamx. 437. 
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Bryum, L. 431. 

Bucida, L. 208. 

Buckeye. 2.34. 
Bucklandia, R. Br. 286. 
Buckthorn, 2.51. 
Buckthorn, Sea, 345. 
Biickit, 240. 

Buckwheat, -337. 

Biiffloss, .32.5. 
Bulbocodiuin, L. 378. 
Bulrush, 300 . 
Bupleuruni, Toumcf. 
288. 

Burdock, .300. 

Burgundy Pitch, 400. 
Bprmaxxiace-h, .384. 
Bursem, Jaeq. 2.5.3. 
Bchskrackje, 203. 
Butcher's Broom, 377. 
f>UT()ME*=E, .303. 
Butomiis, Tournef. 303. 
Bidtercup, 100. 
Butter-nut, .3.54. 
Butter-tree,, 331. 
Butter-worts, .3.35. 
Bcxace.e, .340. 

Buxus, Tournef. .349. 
BjTsonima, Rich. 237. 
Byttneria, Lscffl. 225. 
Byttxkhiace-e, 225. 

jOnhhage, 215. 
Cubhage.-pahn, .308. 
Cabombacea?, 207. 
Cabomba, L. 207. 

Cacao beans, 225. 
Caota»'e.:K, 283. 
Cadaba, Forsk. 215. 
C®.salpinla, X. 25.5. 
C^SAI.PINIE.E, 255. 
Caffer-bread, 400. 
Cahinca root, 295. 
Cnje^il-oil, 204. 

Cakile, Tournef. 214. 
Calabar bean, 258. 
CfdabBsh Nutmeg, 202. 
Calabash-tree, 331. 
Caladium, Vent. .370. 
Calamander-wood, .312. 
Calamus, L. .365. 
Calceolaria, FeuiU. .333. 


Calendula, Neck. 298. 
Calla, L. 370. 
Callitbamnion, Lyngb. 
43.3. 

CALBITBlCH.ACEAi:, 369. 
Callitriche, L. 350. 
Calophyllum, L. 231. 
Oalotbrix, Agh. 430. 
Calotropis, R. Br. 318. 
Oaltha, L. 108. 
Calumba-root, 203. 
Caly-cantha('E.t?, 203. 
Calycanthus.XOifW. 203. 
Calycera, Cav. 207. 
OAlA’CEHACEiE, 207. 
Caia’Cieloha:, 250. 
Calytrix, Labilt. 20(i. 
Cambogia, X. 2.31. 
Camellia, X. 229. 
Camellia, 220. 
Caaiei-uackas, 229. 
Camel-thorn, 257. 
Camomile, 300. 
Campanula, X. ■‘^02. 
Cami’anulaceai, 302. 
Camphor, .340. 

Camphor, Sumatran, 

220 . 

Camphora, Nees, 340. 
Cam-wood, 259. 
Canada-balsam, 400. 
Canada-riee, .309. 
Canarium, X. 253. 
Canary Creeper, 244. 
Canary-seed, .300. 
Candle-tree, 331. 
CandoUea, Labill. 200. 
CASEI.l.ACEiE, 314. 
Canes, 308. 

Canna, X. .380. 
Caxnabinka!, ;151. 
Cannabis, Tournef. 351. 
Cannon-ball-tree, 205. 
Canterbunj-bells, .303. 
Oantua, Juss. 810. 
Caoutchouc, oSOa, .317, 
319, .351. 

Caotitchouc-bottle, 348. 
Caper, 210. 

Capp-ambacea?, 216. 
Capparis, X. 215. 


Capbipoliaceje, 292. 
Ca^rifolium, Tournef. 

Capseila, Vent. 214. 
Capsicum, Tournef. 323. 
Carambole, 241. 

Carana resin, 254. 
Carapa, Auhl. 238. 
Caraway, 280. 
Cardanunns, 385. 
Cai'diospormum,X. 2.3.3. 
Cardoon, 300. 

Carduus, Geertn. 298. 
Carex, Mich. 401. 
Carica, X. 277. 

Carissa, X. 317. 
Carlina, Tournef. 208. 
Carludovica, R. tS' P- 
3(59. 

Carnation, 223. 

Carobs, 268. 

Carolina Pink, 315. 
Carpinus, X .354. 
Carrageen, 4-34. 

Carnk, 289. 
Carthamus, Tournef. 
.300. 

Carum, Koch, 288. 
Cav\*a, Nutt. 35.3. 
Can'oenr, X. 229. 
Caha'ophyei.aceaj, 
221 . 

Caryota, X. .30.5. 
Cascarilla-bark, .349. 
Casearia, Jacq. 279. ■ 
Cashew-nut, 262. 
Cassava, .349. 

Cassia, X. 255. 
Cassia-bark, 340. 
Caasytha, X. .‘MO. 
Castanea, Geertn. 3.54. 
Castor-oil, .‘149. 
Ca.suarina, X. .367. 

CASITAHlNAOEiE, 'Vi?. 
Catalpa, Seop. 330. 
Catasetum, Rich. 382. 
Catechu, 259, 205. 
Catha, Forsk, 250. 
Cathartocarpus, Pers. 
25<5. 

Cattleya, Lindl. 382. 
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Caucalis, L, 288, 
Caulifltywer, 215. 
Cauliuia, WUld. 304. 
Caulophyllum, Miohx. 
206. 

Cayennv-pepper, 324. 
Ceanothus, L. 251. 
Cedar of Lebanon, 405. 
Cedar-wood, 254. 
Ccdrut, 240. 

Uedrela, L. 238. 
Cedbulachas, 238. 
Cedron, 247. 
CELASTEACKiE, 250. 
Celastnis, Kuiith, 260. 
Celery, 2H1). 

Celosia, Z. 338. 
Oelteje, 353. 

Celtis, Tournef. 353. 
Cenaufiiuin, Fr. 452. 
Ct'iitauroa, Le-ig. 208. 
Ceutradenia, Don, 200. 
Coiitranthiw, I)C. 200. 
C'l iitrolepis, Tjfdn'll. 401. 
('ophaldLs, Sw. 204. 
<.!eplialaiithii.s, L. 204. 
Ct‘phalotaxii.s, '/akc. 
40(i. 

Ceuamie.e, 433. 
f'oi'amiuiii, Adutw. 433. 
Cera-stiuiu, Z. 222. 
Cerasu.M, Jms. 2(!3. 
Ceratoiiia, Z. 255. 

OjiliATOJ’lIYEEACEiE, 

3.50. 

Ceratopliyllum, Z. 350. 
Ct‘vatoptei'i.% Bronyn. 
417. 

Ceiatosicyos, Nees, 277. 
Ct^rbera, Z. 317. 

Cereal yrains, 300. 
Ceroxis, Haw. 283. 
Ceroxylon, IL B. 
365. 

Cotoracb, Adam. 416. 
Cetraria, Ach. 44. 
Ce.vadilla, 378. 
CbaiUoti^ DC. 251. 
CuAIELETIACEJE, 251. 
Chauioedorea, WiUd. 
365. 


ClIAMJBLAUCIACEiE, 

205. 

Chamierops, Z, 365. 
Cbara, Z. 420. 
ClIAEACEA?, 420. 
Chavioa, Miq. 358. 
Cheiranthora, Cun- 
ninyh. 248. 
Olioiraiithus, R. Br. 
214. 

Cheivo.stemon, Z. 220. 
Cbolidoniuni, Toiirnef. 
208. 

Cn E.VOPODIACE.E, 338. 
Chenopodium, 330. 
Cherimoya, 202. 

Cherry, 2G;1. 

Cherry, Cornelian, 201. 
Cherry-laurel, 203. 
Chervil, 280. 

( 'hextnnt, 370. 

Chihuu rcvin, 254. 
Chicory, 301. 
Chlma^jliila, iV/vs/f, .304. 
Cliiiiioiia^thu.s, Lindl. 
20.3. 

China Aster, 301. 
China-root, .374. 
Cliiouanthus, Z. 300. 
Chive, 377. 
Chla.:nacb.e, 220 . 
Chlora, Z. 310. 
CHEonANTHACEiE, .:557. 
Cblorauthus, Hwarts, 

3.J /. 

Cliloris, Sw. .307. 
Cliloroxyloii, DC. 238. 
Chocolate, 225. 
Choudriis, Griw. 433. 
Chorda, Stackh. 430. 
Cliorozenia, iMbill. 256. 
Chrysanthemum, DC. 
208. 

Chrysanthemum, 301. 
Chevsobalaneje, 200. 
Chrysobaltnus, Z. 201. 
ChrysophvUum, Z. 311. 
ChyloeWia, Grev. 433. 
Chymocarpus,Z)o)i,244. 
Chytridium, Al.Br. 437. 
Cicer, 267. 


Cichorium, Tournef. 
200 . 

Cicuta, Z. 287. 
Cinclioua, Z. 204. 
Cimhona, 205. 
ClNCItONEAi', 204. 
Cinerarias, 301. 
Cinnamomum, Barm. 
340. 

Cinnamon, 340. 

Circsea, Tournef. 209. 
Cissampelos, Z. 203. 
Cis.sus, Z. 240. 
ClSTACEAE, 217. 

Cistus, Tournef. 217. 
Citron, 230. 

Oitrosma, R. ^ I’. 203. 
Citrullus, Xeck. 280. 
Citrus, Z. 239. 

Cladium, M. Br. 401. 
Cladouia, lloffm. ‘441. 
Cladospoi'ium, Lk. 453. 
Clarkia, Ihirsh, 200. 
Clatlirocystls, Henf. 
437. 

Clathrus, Mich. 440. 
Clavaria, Z. 4-50. 
C’LAX'.UUEAi, 450. 
Claytuuia, Z. 275. 
Cleariny-niii, 315. 
Clksiatide.e, 108. 
Clematis, Z. 108. 
Cleome, DC. 216. 
Clkojie.e, 215. 
Clerodenflrou, Z. 328. 
Closteriiuu, yitz.sch ,440. 
Clore-nutmeys, 340. 
Clover, 257. 

Cloves, 204. 
Cluh-3Iosses, 412. 
Clusia, Z. 231. 
Cl.USlACE.E, 2.30. 
Cluster-pine, 405.* 
Cluytia, Ait. 347. 
Cuicus, Vaill. 298. 
Cobaja, Cav. 310. 

Coca, 237. • 

Coccoloba, Jacq. .336. 
Cocculus, DC. 20.3. 
Cocculus indieus, 203. 
Cochineal, 284. 
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Coctloaria, h. 214. 
Cock's-co»th, :J38. 

Cocoa, 225. 

Coeoa-^mt, 360, 307. 
Cocoa-nut oil, 308. 
Cocoa-plum, 202. 

Cocoes, 371. 

Cocos, Z. 305. 

Codiuin, Sfackh. 437. 
Coelebogyne.Z Sm. 347. 
Coffea, Z. 294. 

CoFFKJE, 294. 

Coffee, 295. 

Coir, 3(.i8. 

Coix, Z. 397. 

Cola, Schott. 220. 
Colchicum, Totirnef. 
.378. 

Colchicmn, 377. 
ColeocliKto, Jireb. 437. 
Colloma, Ach. 441. 
Colloniia, Nutt. 319. 
Colocasia, Rap, 370. 
Colucynth, 281. 

Coltsfoot, 300. 
Columbine, 199. 
CoLUMELUACEiE, .307,. 
COMBRKTACF..*, 207. 
CoMBRKTE^, 208. 

Combretum, Lwff. 208. 
Commelyiia, Dill. 379. 
/CoMMKtYXACKiE, 379. 
’CoMPOSiT.*, 297. 
Comptonia, Ranks, 355. 
CONFEBVJS, 4‘i8. 
Coxfehv())I)f.;e, 4-30. 
Coniunt, Z. 287. 
CONJTGAT^, 439. 
CoNIfABACE.a5, 253. 
Convallaria, I)esf. 375. 
C0NV01.Vri,ACE.E, ,320. 
Convolvulus, Z. 320. 
Cookifc, Sooner. 239. 
Copaiba, 250. 

Copaifera, Z. 2.55. 
Coped, 259. 

Copal, Indian, 229. 
Copernicia, Mart, 891. 
Coprosma, Forst. 294. 
CoiptUla-nut, 308. 
Corallina, Toum^. 433. 


COBALIilUEa!, 433. 
Corallines, 4!$4. 
Corcliorus, Z. 227. 
Conlia, Plum. 324. 
CollOlAUEA!, .324. 
Corclyceps, Tul. 452. 
Coriander, 289. 
Coriandmm, Z. 288. 
Coriaria, 248. 
C 0 KIA 111 E.E, 248. 
Cork-Oak, 355. 
CojBMOl’Hyi’A, 192. 
C 0 KXACEJ 5 , 291. 
Cornus, Tournef. 291 
ConoLLiFLOiiji:, 292. 
Corroa, Smith, 24.5. 
Coi-rip'iola, Z. 275. 
Corsican Moss, 4-34. 
Corydalis, DC. 211. 
Coi-ylus, Z. .3,54. 
Cosmariuui, Menci/h, 
440. 


Croton, Z. 347. 
Croton-oil, 349. 
Crowberry, 340. 
Croeefoot, 199. 

Crown Imperial, 377. 
CnucrFEHAs, 212. 
CuYPTOGAMIA, 410. 
Cryptomeria, Don, 404. 
CUYPTONF,MIK®, 433. 
Cubeba, M/q. 358. 
Oubebs, 358. 

Cuctirnber, 281. 
Cuciimis, Z. 280. 

, yCucurbita, Z. 280. 
>/Cl'CUBBITACE.®, 279. 
Cudbear, 443. 
Cuminum, Z. 288. 
Cummin, 289. 
Cunniugbauiia, li. Rr. 
404. 

Cunonia, Z. 272. 
CUNOKIE.*, 272. 


Costiis, Z. ,385. 

Costus, 300. 
CottoH-yrass, ^02. 
Cotton-plants, 225. 
Cotyledon, DC. 274. 
Coueh-yruss, 400. 
Coiehaye, 2,58. 

Cowrie Pine, 400. 
Cowslip, 3l0. 
Cow-plant, 319. 
Cow-tree, 351, 370. 
Crambe, Tournef. 214. 
Cranberry, .305. 
Crane's-bills, 241. 
Cra.ssula, Haw. 274. 
CEASSULACEJt;, 273. 
CBASSrLF.A5, 274. 
Cratajgus, Z. 202. 
Crata;va, Z. 210. 
Creasote-plant, 245. 
Crf.mospeb.meas, 280. 
Crepis, Z. 2i)9. 
Crcsccutia, Z. 331. 

CBEBCENXa AV.'E.*, SSl. 

Cress, 216. 

Crithmum, Tounuf, 
288. 

Crocus, Tournef. 390. 
Cross-flowers, 212. 


Cupania, Z. 233. 
(biplioa, Jucij. 271. 

Ci pnF.ssiNEA.;, 404. 
Cupri'ssus, Tournef. 
404. 

CuPUI.IFERiB, 3-54. 
Curu(;oa, 240. 
Curculigo, Geertu. ,389. 
Currant (yrape), 249. 
Currants, ‘Jfio, 29,5. 
Ciiscuta, Tournef. 320. 
Custard-apple, 202. 
Cyathea, Smith, 410. 
Cyatiieeaj, 410. 
Cyathus, Hall. 449. 
CvCADACKA!, 408. 
Cyca.s, Z. 409. 
Cyclamen, Tounwf. 310. 
Cyclantiusa-:, .309. 
Cyclauthus, Pott. 300. 
Cynanebum, Z. 318. 
Cynodon, Rich. .399. 
Cynomorium, Mielud. 
300. 

Cynosurus, Z. .309, 
Cypebace.*, 401. 
Cyperus, Z. 40l. 
Cyphella, Fries, 450. 
Cypress, 400. 
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Cyprensi decidmus) ,40G. 
Cypripudiuni, L. 382. 
CYBILLACEiR, 314. 
Cyrtandra, Forst. 331. 
CifllTANBllK.®, 331. 
Cystopteris,.BfntA. 410. 
Cystoseira, Ayh. 435. 
CvTINACEiB, .360. 
Cytiuus, L. 301. 

Dacrydium, SoL 400. 
FuJfijdil, 388. 
Daldi-irers, 258. 
Dahlia, Cav. 208. 
IhddUt, -301. 

Ddixy, 21K). 

Dalbergia, L. 253. 
Duiuuiora, Humph. 405. 
Ihtmmnr Phu‘, 400. 
Dammar Pitch, 229. 
Damson, 202. 

] laiiKMi, J. 417. 

Dandelion, 301. 
])n]'hiie, L. 344. 

DAl-IlNII>HYLl.ACEiJ?, 

.349. 

])ai'lin;<tonia, Torr. 207. 
Darnel, 400. 

Danviiiia, Rtuhje, 200. 
Date, ;>07, 308. 
Date-plum, 312. 
Datisca, L. 282. 
Datiscaceaj, 282. 
Datura, L. 32.3. 

Daucus, L. 288. 
Deciduous Cypress, 400. 
1 tclessoria, Lumx. 4.33. 
Dm.nssKniEAO, 433. 

1 Iclinia, L. 200. 
Dolpliiuium, Tmrnef. 
108. 

DEMATIEiE, 453. 
Dematiuni, P. 463. 
Deiidrobium, 8v)z. 382. 
Deiidromecon, 209. 
Deodar, 406. 
Desmarestia,2.aHi^.436. 
DKS.MII)IE.iB, 440. 
Desmidiuui,».i4(/A. 440. 
DuSVAUXIACEiH, 401. 
Deutzia, Thutdt, 272. 


Dhoema pitch, 229. 
Diaiuoi-pha, 2mtt. 274. 
DlAMOllPHE^!, 274. 
Diauthus, L. 222. 
Dxai'Ensiaceas, 319. 
Diatoma, DC. 440. 
Diatomacbxe, 439. 
DiATOMEiE, 440. 
Diconti-a, Borkh. 211. 
Dicotyubuonks, 105. 
Dicruuum, Iledw. 421. 
Dictamnus, L. 245. 
Dictyogens, 193. 

1 )ictyopteri8,Z««a-.4;34. 
Dictyosiphon, Grev.4iiG. 
Dictyota, Lairuv. 434. 
Dictyotacjoa’, 434. 
DieHunbachia, Schott. 
370. 

Diolytra, 211. 

Diorvilla, Tournef. 292. 
Digitali.8, L. 333. 

Dill, 280. 

Dilleuia. i. 200. 
Dilleniaceje, 200. 
Dion, Lindf. 400. 
Dionica, FUis, 218. 
Dioscorea, L. 373. 
Digscobeace-e, 372. 

1 liosiua, L. 24-5. 
Diospyros, L. 312. 
Diphaca, Lour. 2(X). 
Dipladonia, DC. 317. 
Diplopliractum, 227. 
Diiu.ozYGixE, 288. 

Dipsacea!, 290. 
Dipsacus, Tournef. 296. 
Dll'TEllACEJE, 228. 
Dipterocarpus, Gcertn. 
228. 

Disebidia, It. Br. 310. 
Dittany of Crete, 328. 
Divi-dici, 259. 

Docks, 337. 

Dodders, 321. 
DonoffEAS, 233. 
Doy-bancs, 310. 
Doy's-tooth, 377. 
Dog-violet, 220. 
Doywood, 291. 
Dombeya, Cav. 225. 


Dorema, Don, 288. 
Doum Palm, 308. 
Dracaena, Vand. 375. 
Drayon’s-blood, 377. 
Dragon's-mouth, 335. 
Dragon-tree, 377. 
Drapaiuallia, Bory, 
437. 

Drimys, B^Br. 201. 
Drosera, L. 218. 
Djiosebacea:, 218. 
Dkotaceje, 201. 
Dryobalanops, Gcertn. 
228. 

Dry-rot, 461. 
Duckweed, 371. 
Duguetia, St. HU. 202. 
Dulse, 434. 

Dumb-cane, 371. 
Duriaja, B. Sffiend. 420. 
Durian, 225. 
Durmast-Oak, 355. 
Durra, 309. 

Dutch MyHle, 356. 
Dyer's-broom, 268. 

Fayle-wood, 2.59, 345. 
Eb'^nacea:, 312. 
Bboe-nut, 258. 

Ebony, 238, 312. 
EcbaJium, L. C. Rich. 
280. 

Eccremocarpiis, R. ^‘P. 
3.30. 

Ecbiuocactlls, Link 
Ott. 283. 

Eebinophora, L. 2%7. 
Eebium, L. 325. 
Eetocarpus, Lyngb. 430. 
Eddoes, 371. 
Eyy-Apple, 324. 
Ehkktiacea:, 325. 
Ela:agnacea:, 345? 
P^L-eagmis, L. 346. 
Ebcocarpius, L. 227. 
Ela'odendron, Jacq. 250. 
Elais, Jacq. 865. 
Elateriuui, 280. 
Elatcrium, 281. 
Elatitjacka?, 232. 
Elatiue, L. 2^. 
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iJWfr, 2«3. 

Elecanvpane, 300. 

Elemi, 2.54. 

Eleochiiri», li- Br. 401. 
Elephant's-ears, 282. 
EIntj 3t)3. 

Elodea, Adans. 392. 
Esii’ETEAck.®, .340. 
Empotrum, L. .340. 
Encalypta, lledw. 421. 
Encephalartos, Lehm, 
409. 

Endire, 301. \ 

Endocarpon, Iledw. 441. 
Exoogens, 193. 
Entada, L. 2.30. 
Epaciudace.e, 305. 
Epacris, Urn. 328. 
Epliedra, L. 407. 
Epidwidriun, L. .382. 
Epilobiiim, L. 209. 
Epimediuni, i. 205. 
Epipactis, Haller, <‘i82. 
Eua'ISETAce-e, 415. 
Equisetum, L. 415. 
Ertjat of line, 4.52. 
Erica, i. :504. 
EniCA<,'EiE. 303. 

Eiiic e.e, .304. 
Eric'ixk.e, 304. 
Ebiocai'lack.e, 400. 
Eriocaulon, L, 400. 
Eriofronum, L. C. Eich. 
330. 

Eriophoruni', L. 401. 
Eriostemon, Smith, 24-5. 
ErocKiini, Herit. 242. 
Erophilu, 1)0. 214. 
Eryn^ium, Tournef. 
287. 

EnjMjo, 280. 

Erysimum, L. 214. 
Erysiphe, Hedw. fil. 
432. • 

Erythrwa, Men. 316. 
ErVtbrospermum, Lam. 
2W. 

Ehythboxyeace.®, 

2.37. 

Erythroxylon, L. 2.37. 
Eacallonia, Mwtk, 272. 


Escali.osie.e, 272. 
EscUscholtzia, Vhatn. 
208. 

Eaenbeckea, H. B. K. 
245. 

Euastrum, Ehr. 440. 
Eucalyptus, Herit. 204. 
Eugenia, Michel. 204. 
Eunotia, Ehr. 440. 
Euonvmus, Tournef. 
256. 

.Euphorbia, L. .347. 

I Euphouuiaceaj, 347. 
Eiiphorbium, ii49. 
Euphrasia, L. 3-33. 
Euiynlo, Sali.ib. 206. 
Eutoca, li. Br. 319. 
Erenini/ I’rimrose, 270. 
Everyreen Oah, .3,35. 
Evernia, Ach. 441. 
Exidia, Fr. 430. 
Exidiack.e, 450. 
Exogexs, 193. 
I'ixogoniiim, Chois. 320. 
Exosteiuma, L. C. Rich. 
294. 

Fagonia, Tournef. 244, 
Fafrriea, Thunb. 314. 
Fagus, L. .354. 

Fedia, Maneh, 290. 
Fegutella, Rudd. 425. 
Fenttel, 289. 

Ferns, 4I(>. 

Feronia, Corr. 2,39. 
FejTaria, L. .391. 
Ferula, L. 288. 

Fescue, 3! >9. 

Festuca, L. ,397. 
Feuilhea, L. 280. 
FrooiDEAS, 270. 

Ficus, Tournef. 351. 
Fiys, .351. 

Fitbert, ,366. 

Filices, 410. 
Fimbrist 3 "'.is, Vcdil, 428. 
Fir-tree»j 406. 
Flacourtia, Comm. 217. 
FLACotniTiACK.®, 217, 
Flag Order, 390. 

Flags, 391. 


Fiojc, 240. 

Flar,yeu'-Zealand, ,377. 
Flca-secd, ,308. 
Fliiidersia, R. Br. 2.38. 
Flouideje, 432. 
Feowehixo Plants, 
195. 

Floweiiless Plants, 
410. 

F'odder-grasses, ,399. 
Fceniculiftn, Adaiis. 288. 
Fontiimlis, L. 421. 
Foobs Parsleg, 289 . 
Forbesia, Eckl. 389 . 
Forbidden-fruit, 2 . 39 . 
Forget-me-not, .325. 
Foivkolilia, 350. 
Fouskohlie.e, .350. 
Fothorgilla, L. f. 280. 
F'otheugille.e, 28(). 
Fourcro}'a, Vent. . 388 . 
Four-o'eloeh plant, 337. 
F'oxglove, 3-34. 

Fragaria, L. 202. 
FnAXcoAt'E.E, 273. 
Iraiikcnia, L. 220. 
Fuaxkkxiace.e, 220. 
Frank incense, 2,54. 
Frankincense-pine, 40-5. 
Fuaxine.e, 300. 

Fra.i inella, 24li. 
Fraxiiius, Tournef. .300. 
Fremontia, Hook. 220. 
FliEAlONTlEA';, 220. 
French berries, 251._ 
Freycinertia, O'ond. ,309. 
Fritillaria, Z. 375. 
Frog-bit, ,392. 

Frullania, iVcc.v, 424. 
Fl!l ACKA3, 4.34. 
I'kiclisia, Flam. 209. 
Fucu.s, L. 4.‘15. 
Fumaria, I'mirnef 211. 
FrMAllIACEAJ, 210. 
Ftnnitory, 211. 

Funaria, Hedw. 421. 
Pmulunji, 399. 

Fungi, 443. 

Fmigus nufitmisis, 300. 
Funkia, Spr. ,375. 
Fustic, 263, 352. 
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Gaimardia, Caiidich. 

m. 

0(i!wi(;nle-roi)t, 385. 
(ialanthiis, L. ;{88. 
(lathamun, UHi), 

(ialipoa, Auhl. 245. 
Galium, L. 294. 
O'aiiia-i/nm, 399. 
(lamhi'cr, 29ij. 

(tiiiiiboj/c, 231. 
Gamoi'Etal.e, 194,292. 
Gavaiiiin, L. 231. 
Gardenia, Etl. 294. 
Oarde/i-Ensturtiuins, 
241. 

Odvliv, 377. 

(I'lirliv Pcitr, 21(). 
Gauiiyace.e, 342. 
Gaultluuia, L. 321). 
G(‘is.siiloma, Liiitll. 346. 
Genista, 250. 
(I'eiifidii, 3 If). 

Geiitiaua, L. 310. 

Gkn'i I w.voe.e, 315. 

(liiifiddclld, 3If). 

fu'Dcaly.v, Xi'i's, 424. 
Gkua.niach.e, 241. 
(Ivrddium, 242. 
Geranium, Herit. 242. 
(icrmdn Tiidhr, 451. 
G<-snera, Mart. 331. 
Gusxhuack.e, .331. 
Gusn’KIie.i;, .■’31. 
Gii.i.iKsiACE.i:, 380. 

Oidi/cr, 385. 
(ildi/dr-i/rd^s, 31X). 
a iliac III/, 290. 

(iladiulus, Toiiriwf.SOO. 
(ildsi-irnrt, .‘139. 
Glauduin, Toiinii'f. 208. 
Glaux, Tiiiiniif. .'110. 
Gledifsdiia, L. 260. 
Oleieheuia, Smith, 417. 
Gi.hicjikniu.*, 417. 
(llobc Aiiiaidiiliix, .338. 
Glubfilaria, L. 329. 
Gloxinia, lUrit. 331. 
Gi.umiki.oba;, 395. 
Glrceria, iS Hr. 397. 
Glj'cvrrliiza, L. 255. 
Glypliaia, 228. 


Gnaphalium, Don, 298. 
Gnetac;ea;, 407. 
Giietum, L, 407. 
(ioat's-bcard, 301. 
Godotia, Sjiach, 260. 
Gold-thread, 199. 
Gomme iTAcajou, 252. 
Gomphrona, L. 338. 
Gonium, Lam. 440. 
GoffDK.NIACEJi;, 302. 
Gooyal, 2.34. 
Gooseberry, 285. 
Oordouia, EU. 229. 
Goudo.mka;, 22‘.>. 
Gos.sypium, L. 224. 
Gourds, 281. 

Grains of Paradise, 385. 
iTjlAMI.VACEyE, 395. 
Granadilla, 278. 

Grape, 249. 

Grape, Seaside, 337. 
Grasses, .3tt5. 
Grass-cloth, 351. 
Grasa-ln/'e, .377. 

Greek Valerian, .320. 
Greeii-iieart, 341. 
Green Laver, 439. 
Grcvillea, R. Br. .346. 
Growia, Juss. 227. 
GriHUlisia, Ayh. 4.'i3. 
Grinimia, Ehrh. 421. 
Gronovia, L. 283. 
Giit)ssin,.vCK.i.;, 38.5. 
Groiiiid-Iry, 328. 
Guaiacum, 215. 
Guaiac.um, Plum. 244. 
Gnarana bread, 234. 
Guarea, X. 238. 

Guar a, 264. 

G uazuma, Plum. 225. 
Guelder Rose, 29.3. 
Giuittarda, Vent. 294. 
Guimaure, 224. 
Gulf-weed, 435. 
Gum^cacia, 259. 

Gum Anime^2'29. 

Gum Arabic, 259. 
Gum Dammar, 400. 
Gum Drayoii, 2.58. 
Gum Lac, 2.58, .349. 
Gummi gutta, 232. 


Gum Senegal, 259. 
Gum-trees, 265. 

Gunnera, X. 290. 

Gustavia, X. 265. 

Gutta Percha, 312. 
GutTIKERJE, 2.30. 
Gymnocarpea, R. Br. 

277. 

Gynmocladus,Xam.277. 
Gymnogens, 193. 
Gyunnogramma, Desv. 

416. 

Gymnosi'ehmia, 403. 
Gy.MxosroBA;, 427. 
Gynandropsi.s, DC. 216. 
Gynerium, ll.B.K. 400. 
Gyrinopsis, Gcertn. 345. 
Gyhocauuea;, 268. 
Gyro'carpus, Jacq. 208. 
GYROSl’EMONEiE, 339. 

Ilojinatoxylon, X. 255. 
ILemodobacea:, 389. 
llfBmodoruin, Sm. 389. 
Jlair-bells, .303. 
lliUcea, Schrad. .340. 
llajesifi, Ellis, 314. 
llalidrys, Lyni/b. 435. 
llALOBAQACEjE, 270. 
llaloragis, Eorst. 270. 
IIamamei.acea:, 285. 
IIaahmelea:, 280. 
llamaindis, X. 286. 
Ilancornia,^Go«i. 317. 
LTand-plam, 227. 
II.vpi.ozygije, 287. 
Haricots, 257. ’ 

Hawthorn, 203. 

Hazel, .355. 

Heart's-ease, 220. 

Heath, 303. 
llodera, X. 249, 290. 
IIedycMum,A7Faii/,385. 
Iledyosmum, Swartz, 

367. _ 

Hedyotia, Xaun. 294. 
lleliampliora, Beitth. 

207. x-fti,. 

Ileliantliemum, Tour- " 
mf, 217. 

Heliconia, X. 387. 

2h 



686 


ISDEX TO SYSTEMATIC BOTAXY. 


Helicteres, L. 220. 
IteliotrolM, 0^0. 
IMIebure, White, 378. 

llEl.l.F.BOUK.E, 108. 

llellobm'us, Adan't. 198. 
Ilelo-ociadium, Koch, 

Ilebwi.S Hick .300. 
Helvella, L. 450. 
Helveei.eje. 4.50. 
Helwinsria, Willd. 200. 
IIelm'ixgiacka:, 342. 
Ileniidesmus, It. Hr. 
318. 

IIemistemma,CoMi»!ec.'!. 

200 . 

Ilcmloeh, 280. 

Hemlock Dropwoiij^i^Q, 
Hemlock Spruce, 405. 
Hemp, 351. 

Hemp, ..African, 377. 
Hemp, Indian, .351. 
Hemp, Manilla, 388. 
Henbane, 324. 

Hennah, 271. 
Ilenslovia, Wall. 273. 
Hkpaticje, 424 &c. 
Ileracloum, L. 288. 
Hfritiera, ..-liV. 220. 
Ilfdrmnnnia, L. 220. 

HEnMAXNlEA.;, 220. 

llfriiaiidia, Plum. 344. 
Iltsperi.s, L. 214. 
IlETi:rtosci\DEA3,287. 
llibbertia, Amir. 200. 
IIiiiiSf'EjE, 224. 
Hibiscus, L. 224. 
Hickorp, 3.54. 
Ilieracium, Toumef. 
%Y.). 

Ilierocbloe, 399. 
Iliyebrandia, 282. 
Ilimnnthiilia, Lyngh. 
43.5. • 

IIlI‘POCA.STANE^, 233. 
Ilipgomane, L. 347. 
Ilippophaii, L. 34.5. 
Ilippuris, L. 270. 
Hog-gum, 25.3. 
Hoy-plum, 2.5.3. 
Ilo'Ubcellia, Wall. 204. 


Holly, .31.3. 
lloliyhock, 224. 

Holm Oak, 3.).5. 
IIOM.M.IM'EA'., 282. 
llomidivim, Joey. 282. 
Hiuu kenya, Phr. 228. 
Honey-locust, 259. 
Honeysuckle, 203. 
J/o/),‘.351. 
llordeum, X. .397. 
Horehuund, .328. 
Hornbeam, 3.55. 
Hornu'ort. .350. 
Horse-chestnut, 2-34. 
Horse liadish, 215. 
Horse-sugar, 31.3. 
Horse-tails, 415. 
llortonia, Wight, 203, 
204. 

Hottentot's faj, 277. 
Houscleek, 274. 
Ibivciiia, Thanh. 251. 
Iloya. 11. Hr. 318. 
11imiui\€k.e,’314. 
TIuiniiliis, I,. .3-51. 
Hundred-years' Plant, 
380. 

Hnon Pine, 400. 
llui-a, L. 347. 
Hyacinth, 377. 
llyacintbus, L. 375. 
Ilvulosteiunia, Tr«//. 
341. 

IIytineaj, 450. 
llydnocarpus, Gcertn. 
277. 

llydnum, L. 4-50. 
ITydranp’ea, 272. 
llydroccra, Hlum. 243. 

IlYTmOCIIAllIDACEA.;, 

.392. 


Ilydrochari.s, L. .302. 
Ilvdrocotyle, Tournef. 
287. 


llydrodicjyon, Ik»th, 

llYPROPUyLLACEAE, 

319. 


IIydhopityta, 428. 
Ilydrostacbys, Pet.-Th. 


IlYMEN’AEfilE.E. 440. 

11 \Tni‘iuiiia:iuni, Klotseh, 

■ 440 . 

IIymv.noviiyeev.a?, 

417. 

Ilvnicnopbyllum, Sm. 
417. 

Ilvoscvamus, Tournef. 
32.3.' 

Ilvpecouin, Tournef. 

211 . 

IlYPEniCACEA?, 231. 

1 lypericuin, L. 232. 
Ilypnum, L. 421. 
Ilypofliu'ri.s, L. 200. 
Ilypoliciia, It. Br. 427. 
H ypoxipace.e, 380. 
llypuxis, L. .380. 
Ilyjioxylon, Bull. 452. 
Ilyssnjiiis, L. .327. 
Hystkuopiiyta, 102, 
443. 


Iberis, L. 214. 
IrAd'TXArK.E, .314. 
Iccland-Moss, 443. 
Ice-plants, 270. 

Icica, Aubl. 253. 

Ilex, L. .31.3. 
Ii.rCACK.E, 31.3. 
li.r.KCKiiRArK.E, 275. 



Illiciuin, L. 201. 
illigora, Bl. 208. ; 
Immortelles, .301. 
Iiii])uliciis, L. 243. 
IxcGM pr.ivr.E, .‘{ilO. 
Indian Copal, 220. 
Indian Corn, .301 >. 
Indian Cress, 244. 
Indian Pigs, 283. 
Indian Shot, .387. 
Indigo, 258. 
lndip:i)fci'a, Z. 2.55. 
Inga, Willd. 2-50. 
Inula, Gcertn. 208. 
lodes, Bluigie, 352. 
Ipadu, 237. 
Ipeeacuan, 294. 
Ipecacuan, black, 294. 
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Ipeeaami, white, 205, 
IjioiiKi'U, X. ;f20. 
Ikidace-e, 3U0. 

Iris, L. ;14)0. 

Irieh A/oen, 434. 
Inm-tcood, 855. 

Isaria, Jlill, 450. 
ISAIIIJCJE, 450. 

1 satis, U15. 
I.SOiiTACEA3,^13. 
Isoktea:, 412. 

I.-ioetes, L. 414. 

Isdlupis, R. J!r. 401. 
l.soHaiicIra, Wiyht, 311. 
I.sllimia, Ayh. 440, 
Httka-voomi, 258. 

Iron/, Veqetdhle, 308. 
/(•//,'240, '2!)0. 

Iry, Gfoioid, 828. 
lirdmiiriiiiii, 300. 

Ixia, L. 300. 
l.xora, L. 204. 

Jarutjf: L<t(Mer, 320. 
Juidji, .‘!20. 

.lamljosn, Riimph. 280. 
.lasidiie, L. 302. 
Jassii.naceao, .307. 
Jasminai.Es, 307. 
Jaaiiii/ie, 307. 
Jasininuni, L. .307. 
Jateonlnza, Micrs, 203. 
Jati'oplia, Kth. .347. 
Jftrersdiiia, Bdrt. 205. 
JentMtlcm Artichokes, 
.‘iOO. 

Joh's Tears, 400._^ 
.Tdiiesin, Ro.rh. 255. 
JrOE.VNUACKAS, 353. 
Jii"laii.s, i. 363. 

Jdjuhc, 251. 

.Ti,'NCAce.e, 378. 
.Tuncagine.*!, 893. 
Juncus, DC. 37S. 
Jungeniianuia, Dill. 
424. 

JUNGEUMANNIACE.®, 

423. t 
Juniper, 400. 

Jiiuiperus, L. 404. 
Justicia, L, 320. 


Jute, 228. 

Kadsura, Jtm. 204. 
Kanyaroo-grass, 399. 
■Kut, 251. 

Kara, 358. 

Kelp, 486. 

Kcrmes Oak, 356. 
Kidliudyv.a, Matt. 229. 
Kino, 258. 

Kino, Rotam/ Bay, 205. 
Kdbi asia, Willd. 401. 
XiL'lveuteria, Lam. 233. 
Kohl-rahi, 215. 

Kora Kang, 399. 
Kousso, 203. 

Kiameiia, I.a^. 230. 
Kiibu, 201. 

Kampiat, 239. 

Labiatje, 320. 
LAHlATA-iFLOItJE, 299. 
Laburnum, 2.58. 
IjOce-b(trk, 344. 

Lads, Lindl. .3,59. 
I.ACISTEIIACKA.;, 342. 
Lactuca, L. 2!)9. 
Ladanum, 218. 
Lagenaria, 8cr. 280. 
Lagersti'cemia, X. 271. 
I.agetta, Juss. >344. 
Lamb’s Lettuce, 200. 
Ijaiuiiiaria, Lam.r. 430. 
Lamiinn, X. 327. 
Lancc-tcood, 202. 
luingsat, 238. 
l.ausium, Rumph. 238. 
Lantaua, X. 328. 
Ijapageria, R. Rav. 
873. 

Tjarch, 405. 
Lardizabala, Ruis 
Rav. 204. 

Labdizadalacbab, 

204. 

Larkspur, l89. 

Lan'ea, Car. 244. 
Lastrsea, Rresl, 416. 
Latlirasa, X. 3.32. 
Lathyrus, X. 258. 
Laohacb^, 340, 


Laurel, 341. 

Laurel, Cherry-, 263. 
Laurel, “Cuba,” 291. 
Jjaurd, Rorttegal, 203. 
Laurel, Spurge-, 344. 
Laurencia, Lamx. 433. 
Laubencik®, 433. 
Laurustmm, 293. 
Lauru.s, Toumef. .340. 
Lavandula, X. 327. 
Laretulcr, 328. 

Laver, 439. 

Lawsonia, X. 271. 
Leathcsia, Gray, 436. 
Lecidea, Ach. 441. 
Lf.cythidacka.;, 265. 
Lecythis, Deffl. 265. 
Ledum, X. 304. 

Leea, X. 249. 

Leek, 377. 

V7.<EGrMIN0SA!, 254. 
Lemiia, X. .371. 
Lkmnaceaj, 371. 
Lemon, 289. 
Lemon-grass, .399. 
Lemon-plant, 32i). 
Lbxtibui.aceas, 335. 
Lentils, 257. 
l,oontice, X. 205. 
Leontodon, X. 290. 
Leopoldinia, Mart. .308. 
Lepidimn, R. Br. 214. 
Lepidocaryum, Matt. 
391. , 

Lcpidostachys, Wall. 
849. 

Loptosiphon,X«i?/<..310. 
LElVTCSrEllME.®, 204. 
Leptui’us, ,397. 

Lettuce, .300. 

Ltc henace^, 441. 
Liciienai.es, 441, 
Lichexes, 441. 
Lignum colubrinttm, 
315. 

Lignum Rhodiun^ 254. 
Lignum-viUe, 246. 
Li’gustrum, Tournef. 
306. 

Lilac, 306. 

LlDIACEiE, 376. 

2h2 
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Lilt AXES, 376. 

Lilies, .375. 

Liliiim, L. 375. 

Libi of the Fields, 38$). 
Liii/ of the Vidley, 377. 
Lime, 239. 

IJme or Linden, 227. 
Limxantiiace.u, 244. 
I..iuinantlies, 244. 
Limnocharis, II. !§• B, 
■3$)3. 

Limosella, L. 333. 
Lin'ack.»;, 240.' 
Linaiia, Tourmf. 333. 
Linuioa, Groiiov. 292. 
Linseed, 241. 

Liuum, L. 240. 
Liquidumbar, L. 286. 
Liquoriee, 2oT. 
LirioJendroii, L. 201. 
Lissaiitlif, li. Hr. 305. 
Litehi, 2.34. 

Lithospernium, L, 325. 
Litmus, 443. 

Littoridla, L. .303. 
Liver-worts, 425. 

Eoasa, Adans. 283. 
Loasace.e, 28.3. 
liobelia, L. 301. 
Loeediace-e, .‘301. 
Locust-trees, 2o8. 
Lodoicca, Lidnll. .30.>. 
Lojrania, It. Br. .314. 
LOGA.NIACEiS, .314. 
Loy-wood, '2b'.). 

Loliijjiu, L. .397. 
Lonyan, 234. 

Lony Pejiper, .3.58. 
Lonicera, Desf. 292. 
Lopezia, Cav. 269. 
Lophira, Banks, 223. 
Loija.ntuace^e, .342. 
Loranthiis, L. 343. 
Lotus, L. 255. 

Lotus, ancient, 2.37,2.52. 
Love-lies-hleeding, 338. 
Lucern, 257. 

Lufta, Tournef. 280. 
Luhea, WUll 227, 
Lupines, 2~il. 

Lupinus, L. 255. 


Luzula, I)C. .378. 
Lychnis, L. 222. 
Lycoperdou, Tournef. 
‘449. 

IjYCoroDiACE.*:, 412. 
Ijycopodium, L. 412. 
Lyg’odlum, Steaiiz, 417. 
Lvsiiiiachia, Moench. 
‘310. 

Lythraoe^, 271. 

Lythrum, L. 271. 

Maee, .342. 

JIacropipor, Miq. .358. 
Jlacrozaiuia, Miq. 409. 
Madayaseur Poison-nuty 
317. 

Madder, 295. 

Magnolia, L. 201. 
iMAGNOLIACEA;, 200. 
jMaonolie.e, 201 . 
Mayuey-plants, .389. 
Mahoyamj, 2-38. 
INIahonia, .tV««.''20.5. 
Maiie, 399. 

Malaxis, Hirz. .382. 
Malcolmia, It Br. 214. 

MAEKHUKUBIACEiE, 

278. 

Mallow, 223. 

Malopc, L. 224. 
Malpighia, Plum. 237. 
MAI.l’KilllACE.E, 2.37. 
yiMalva, L. 224. 

V Malvace.*, 223. 
Madve.e, 224. 

Mammee apple, 231. 
Maraillaria, Haw. 28.3. 
Manchineel, .349. 

Maneh ineel,bastard,ti\ 7. 
Mandnigora, Tourn.&2li. 
MandrMie, 324. 
Mandioe, 349. 
ManyM-wurzel, 3.39. 
Mangifcra, i. 2.52, 
Mango, 2'jl, 2.53. 
Mangosteen, 231. 
Mangrove, fVhile, 329. 
Mangroves, 206. 
Manilla Hemp, 388. 
Manna, 221, 257, 306. 


Manna of Mount Sinai, 

221 . 

Maples, 234. 

Alaranta, I’lam. .380. 
^IaUANTACK.E, .380. 
Marattia, Sm. 417. 
INIauattiac'ea;, 417. 
Maregraavia, L. 229. 

M A u< • ( t n A A V1E .E, 22$ ». 
M arcliantAa, 425. 

j\l A It (' 1 r A .\ i l A c E.B, 425. 
Mare's-tail, 270. 
J\laryosa, 2 . 38 . 

Marigold, .390. 
Marjoram, .328. 
Marking-nut, 2.52. 
Marmalade, 240, 312. 
Marrubiuui, L. 327. 
Marsh-mallow, 224. 
Mar-silea,/.. 411. 
!Maksii.ka('e.i.:, 411. 
Dlartynia, L. .330. 
Marvel of Peru, 337. 
Mastie, 25;i. 

Mate, .31.3. 

Dfatico, .300, .35.8. 
Matthiola, B. Hr. 214. 
M.VYACEiE, 380. 
May-tree, 203. 

Meadow Saffron, .378. 
INIccanop.^is, 210. 
Mcdcola, (ironov. .374. 
Medic, '2b7. 

Mi'dinilla, Oaudieh, 209. 
;V/(-d/ar, 203, .312. 
Megaoarjaca, 209, 214. 
Melaleuca, L. 203. 
Melatnho bark, 2.10. 
Melainpyruin, L. .3.'!.3. 
Medanorrhea, If’all. 252. 
MKEA.VniACE/E, .377. 
Melanthiiiiu, L. 378. 
Mela.stonia, L. 209. 
Mki.astomace.e, 208. 
Mclhnnia, Forsk. 225. 
Melid, L. 238. 
Mei.iacejK, 2.38. 
Melianthu^ L. 244. 
Melica, 397. 

Melioama, Endl. 233. 
Mediosaiete, 233. 
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M(!lobesin, TMnn.r. 4.33. 
AU hn, 281. 

McloHira, Ayh. 440. 
Memocylon, L. 2(i0. 
iM HN'l.SPK.ItMACE.E, 203. 
M on i sporimi m/lournef. 

’Stonl'lia, L. .327. 
Mciitzi'lia, L. 28.3. 
Monyanfhes, L. .310. 
]M«roiii'ialis, .347. 
Mrrcun/, Jitiylisli, .3:in. 
iM<'rt(‘n.sia, 11. U. iv'.OoO. 
ISIcrt.-nsia, UlUd. 417. 
ll((tl. 4.")0. 

.M E.'iKM URA A \TH AOK.E, 
270. 

M (“son ibryanl hi‘uiuin, 
Ij. 270. 

Mi'trosidi'ros, 11, Br. 

201 . 

Mi't/.L'crla, Bndd. 424. 
MczmoD, .‘M l. 

Micoiiia, DC. 200. 

Microc.ok'iis, l)i‘nm(tz. 
430. 

Miorsia. UmV. 380. 

210 . 

Mildi'W Ilf Jriii’id, 4.53. 
Mildi ir.i, 44o. 
Jfi/l-wiirtK, 23.5. 
M!/Us, .300. 

Miln()^a, L. 2.50. 
Mimosk.i:, 250. 
jMiiinilns, L. 3.33. 

Mhd. .327. 

.Miialiilin, 7.. 337. 
MiiitMoi‘, .342. 
Mitchii-mitclio, 241. 
Much- Oraiii/c, 273. 
Aliiilorca, L. 277. 
Mdi.i.i’Oink.i:, 27.5. 
.Molhifro, X. 27(5. 
Aloinoi'ilicn, X. 280. 
AIom.miaok.u, 202. 
Moiihey-apple, 2;>1. 
Mimhcy-hrciid, 225. 
Mimhcy-pot frees, 205. 
Minihslioiitl, 100. 
Moiniina, Muiz Sf Pav. 
230. 


Af O NO COTYLEDONES, 
304. 

Alonodora, Dtm. 202. 
Alonotropa, Nutt. .304. 
AIonotuoi’EA!, 304. 
Alonsonia, X. 242. ' 
Alontia, Michel, 275. 
Moon-sced, 20.3. 
Alovclinlla, Dill. 450. 
MoreUs, 451. 
Moreton-hmj Pine, 400. 
Alorinda, Vaill. 204. 
AIohinoacea!, 2-50. 
Alorus, Tnurnef. 351. 
Mosses, 420. 

Mould, 445. 

Mould of cheese, 454. 
Mountain Ash, 203. 
Alouiiria, Juss. 200. 
Mo.ra, 300. 
AlrcnniNK.K, 45.3. 
Aliicor, Mich. 453. 
AUtcohe.e, 4i53. 

.\lnda)\ 318. 

Aluliia, Arn. 280. 

21/ idhernj, ^>.52. 

Alulinuju, Pens. 287. 
Mullein, 335. 

Aluudia, Knuth, 230. 
Munjeeth, 20.5. 

Alusa, Tournef. 387. 
AIrsArT:.E, :>>i7. 
Alu.seari, Tournef. 375. 
Mushroom, 450, 451. 
Musk-plant, 3.35. 
3Iuslard, 215. 
Mustard-tree, 307. 
Aluti-iia, L.ftl. 200. 
Alyoporum, Bks. Sol, 
328. 

Alyosollii, X. .32.5. 
Alyrica, X. 355. 

AlVitH ACE.E, 3.55. 
Alyricaria, Desv. 221. 
AhTioiioma, Orev. 436. 
Aly^ophjdliini, Vaill. 
270. _ 

Aly riotrichia, ]Iarv.4SQ. 
Alyristioa, X. 341. 
AIyiusticai’k.*!, 341. 
Mijrobalan, 208. 


Myrrh, 264. 
AIybsinacea!, 311. 
Alyraine, X. 311, 
AIvaTACEiE, 263. 
AIyuteai!, 204. 

Alyrtle, 204. 

Alyrtua, Tournef. 204. 
AlyxoftASTUEiE, 449. 
Alyzodendron, So/. .34.3. 

Naiadacea!, 304. 

Naias, Willd. 894. 
Napoleoua, P<d. 206. 
Nahcisseje, 3.88. 
Narcissu.s X. 388. 
Nardoo, 411. 

M artheoium, Meehr.MS. 
Nassavia, Com»/fir.<.209. 
Nasturtium, It. Br. 214. 
Nafchnee, 399. 

Kavicula, Bory, 440. 
Ni'ctaudra, Itottl. 340. 
Nectarine, 202. 
Neem-tree, 238. 
Neirundo, Moench. 234. 
Nni.E-MIlTAOEiE, 207. 
Ni'lumbium, Juss. 207. 
Nemopliila, Bartl. 319. 
Nepal Barky, .308. 
NKl’ENTirACKA.;, .303. 
Nspbelium, X. 233. 
Narium, X. 317. 

Neroli, 2,39. 

NMk Order, 350. 

Nettle, IS fitly iny, 351. 
Nettle-tree, 3.5.3. 
Neurada, X. 202.» 
Neuiiadejb, 202. 
New-Jersey Tea, 252. 
New-Zealand Ffa,r, .377. 
Nicotiaua, Tournef. .323. 
Niditlaiuk.e, 440. 
Nigella, Tournef. 198. 
Nightshade, .324. 

Nipa, liuniph. .369. 
Nitella, Ay. 420. 
Nitraria, X. 237^ 
Nolana, X. 32.5. 
Nolanace.*, .324. 
Nopal-plant, 284. 
Norfolk Idand Pirn,4.0G. 
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Xostoc, J’ailfh. 437. 
KiilliporeK, 434. 

Xtipliar, Smith, 206. 
Nnt-flalls, 335. 

\iitmeji, 342. 

Nutmeg.'*, lirazilian, 340. 
Xii.v-vomica, 315. 
XYOT.AmNACE.13, 337. 
Nyctnntlies, Jim. 307. 
XyinpliiPa, Neck. 200. 
Nymi’iij^ace.®:, 206. 

Oak-treen, 355. 

Ontn, 300. 

(IclINACKJE, 247. 
Odontofrlossum, H. It. 
K. 382. 

(Edooonieje, 438. 
(T^doironium, Link. 437. 
(Knanthe, Lnm. 288. 
(Enntlipra. L. 200. 
t)il of lien, 200. 

Oil of Bergamot, 240. 
Oil-Pabm, .308. 

Or. Af'ArE.E. 314. 
Old-man'n-benrd, .302. 

Toarnef. 300. ^ 
Oleace-e, 300. 

Oi.E.E, .300. 

Oleander, 317. 

OHhanum, 254. 
Oli^oineriii, Catnliais. 
210 . 

Olive, .300. 

Olive Seatreeefs, 4.30. 
Oniphalobium, Geertn. 
25.3.* 

Onaorace.e, 201. 
Oncidium, Sioz. .382. 
Oncoba, Forsk. 217. 
Onion, .377. 
dnobrvchis, Tonrmf. 
25.^ 

Onyprena, P. 440. 
On'yoknenj, 449. 
Opeprapha, Fens. 441. 
Oparcuiaria, A. Rich. . 
204. 

Ophiocaryon, Schomh. 
233. 

Ol'HIOOLOSSlAE, 417. 


Ophioglossum, L. 417. 
Ophrys, Sm. .382. 
Opium Poppg, 210. 
Opopoiiax, Koch, 288. 
Opoponax, 289. 
Opiintia, Toumef. 283. 
Orach, .330. 

Oranqc, 230. 

Orchil, 44.3. 
OUCUIDACKA!, 381. 
Orchids, .381. 

Orchis, L. 382. 
Oriprniium, L. .327. 
Oruitliopus, L. 255. 
Ornus, Pcrs. .300. 
OnOHANMIArK.E, .3.32. 
Orobanche, L. .332. 
OltONTtACE.E, 370. 
Orontiuin, L. 370. 
Orris-root. .301. 

Oryza, L. :107. 

Osage Orange. 3.52. 
OsbiH'Ida. L. 2(v0. 
Oscillal'iria, llo.se, 4.30. 

Osf’ir.I.ATOUl.VCE.E, 

4.30. 

O.siers, .3.50. 

Osmmida, L. 417. 
Os.MrXDE.E, 417. 
Ostrva, Scop. .354. 
Osyris, L. 343. 

Otto of Roses, 20.3. 
Ouvirandra, Thouars, 
.304. 

OXAI.IDACKA?, 241. 
Oxalis, L. 241. 

O.i lqt, .310. 

O. KVCoccus, Tournef. 
.304. 

Ogstcr-hay Pine, 400. 

Padina, Adans. 4.34. 
Pir-unia, Tournef. 108. 

P. KOXIK.E, 198. 
Palissnndre, 258. 
Paliurns, Tohrnef. 251. 

(^Pai.mace.e, .305. 
Palmella, Aqh. 437. 
Palms, .‘105,'.308. 
Pidmyru-wood, .308. 
Pampas-grass, 400. 


Pancratium, L. .388. 
PANDANAOEiE, .300. 
Pandaneaj, .309. 
Pandanus, L. fil.. .309. 
Pandorina, Rhrenh. 440 
I’anpaiim, Reimo. 277. 
PANGtArEJE, 277. 
Pa\ice.e, .307. 
Panicuni, L. .397. 
Pansy, 220„ 

I’apavor, Tournef. 208. 
P.VPAVKUACEA?,’ 208. 
Papaw, 277. 
Pai'.vyace.e, 277. 
Papayrola, Auhl. 210. 
Paper-Mulberry, 351. 
Papilionace-E, 255. 
Papyrus, Willd. 401. 
Paraguay Tea, .313. 
Pareira brara, 20.3. 
Paihetales, 208. 

1 ’arit't aria, Tournef. .350. 
Pauietauie.e, .350. 
Paris, L. 374. 

I’arbcria, Hook. 417. 
I’aukkuieaj, 417. 
Pariiieli.a, Fr. 441. 
Parmenticra, PC. 331. 
Parnassia, L. 232. 
Paronychia, Jim. 275. 

1 ’a r(>NYC inA(' e.e:, 275. 
PAltONA-CniK.E, 275. 
1‘arrotia, C. A. Mey. 280. 
Parsley, 280. 

I'arsnep, 280. 
Paspalmu, L. .300. 
Passillora, Juss. 278. 
1’a.s.sieeobace.e, 278. 
Passion-floirers, 278. 
Patchouli, .328. 
I’anllinia, L. 2.33. 
Paullowniia, Zuec. .333. 
Pavia, lioerh. 2.3.3. 
Pavonia, Cav. 224. 
Peach, 202. 

Peach, SierraLeone, 295. 
Pear, 20.3. 

Pen.s, 257. , 

PEi)Ar.iAf:E.E, .3-30. 
l*ediastrum,3/ei/c»,440. 
Pedicularis, L, 33.3. 
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Poiranum, L. 244. 
PtilavKonium, Ilerit. 
242. 

PeHUory of Spain, 300. 
Peniea, L. 340, 
I’kn.eack.k, .34(i. 
Penicilliiim, Lk. 453. 
Pennij-roiial, 327. 
P(!iitiiptcm, Poxh. 208. 
Pciitliorum, X. 274. 
Peiitsteilioii, ficrit. 3.33. 
Pep<;romiii, R. SfP. 358. 
IVplis, X. 271. 

Prpper, .358. 
I’epper-diihe, 434. 
Peppermint, 327. 
Peppem, 247. 

Pereskia, P/iim. 28.3. 
Poriploca, L. .318. 
Peiuspoue.e, .1.52. 
Pernnmhneo-vnnd, 259. 
Pereimmon, 312. 
Petai.oide.k, 372. 
Petivkiiik.e, 3.39. 
Petunia, Jim. .‘’.23. 
Peucedanum, L. 288. 
PuAcimK.E, 452. 
Pii.EosfoiiE.E, 4 . 30 . 
PhaliBiiopsix, 7?/. .382. 
PlIALAUIDE.T), .397. 
I’halaris, X. 397. 
PlIAT.IE.E, 44!). 

Pballus, X. 44!). 
PlIAXHItOliAMIA, 195. 
PImrbitis, (hok. 320. 
Pbascura, X. 421. 
Pbaseoliis, X. 255. 
PllII.ADHI.I'UE.E, 272. 
I’liiladelpbus, X. 272. 
PHIT.E.'flAC'E.E, 373. 
Phillyrea, Timrmf. .300. 

PlIlI.YI>UACK./V., 08O. 

Phlcnim, X. 3!)i). 
Pblomia, X. 327. 

Phlox, X. 319. 
rido.ves 319. 

Pbeonix, X. ;30,5. 
Phonnium, Forxt. 375. 
Phvlica, £. 251. 
Pliyllanthiis, X. .347. 
PhyEocactus,X!»A:, 283. 


Phyllocladas,X. C.RirJi. 
400. 

Pbvlloglossum, Knnze, 
414. 

Pbyllophora, Grev. 331. 
I’bysalin, X. .32.3. 
Phvtclepbas, R. ^ P. 
308. 

Phyteunia, X. .302. 
PlIYTOfOt EN'ACH.E, 3-")2. 
Pbytocrene, Wall. .352. 
I’HA’TOI.AOCACEiE, 339. 
Piaxsoha, 308. 

Picrasma, Rlume, 247. 
Pilea, Jnndl. :!,")0. 
Pilostyles, Guill. 301. 
Pilularia, X. 411. 
Pimelea, Banks Sol. 
344. 

Pimento, 204. 
Pimpinella, DC. 289. 
PlNA('KA5, 404. 
Pine-apple, 391. 
Pine-trees, 404. 

Pinep Dammar, 229. 
Pingiu(;ul.«, Tournef. 
336. 

Pinks, 221. 

Pimis, X. 404. 

Piper, L. 358. 
Pii-HitACE.i:, 357. 
PlPEItlT.E, 20f». 
Piriqiiota. Anhl. 279. 
Piscidia, X. 277. 
Pisonia, Phnn. 337. 
Pktachio-nid, 25.3. 
Pistacia, X. 2.52. 

Pistia, X. 371. 

Pisum, X. 2.55. 
Pita-thread, .389. 
Pitcairnia, Herit. 391. 
Pitch, 400. 
Pitcher-plants, .303. 
PlTTOSl’ORACE.®, 248, 
Pittosporura, Soland. 
248. . 

Plagiochasma, Lehm, 
425. 

Plaoiospekmenj, 280. 
Plane, 353. 

Planera, Gmel, 353. 


PtANTAGINACEN?, 308. 
Plantago, X. 308. 
Plantain, 308, 387. 
Pl.ATANACEiE, 353. 
Platanus, X. 353. 
I*latystemon,Xw</(.208. 
Pleurandra, Lahill. 200. 
Plocamium, Grev. 433. 
Plocaria, Nees, 433. 
Plain, 202. 

Pl.UMnAGINACRAI, .308. 
Plumbago, Tournef 
Plmne-mitmeys, 341. 

Poa, X. .3i)9. 

POACEAS, .397. 
PoDAXlNIEiE, 449. 
PodocarpuSjX’ //<*('.400. 
Podophyllum, X. 205. 
PODOSTKMACE.^!, 359. 
Poison-Elder, 253. 
Pokon-nid, 317. 

Poison-Oak, 253. 
Polanisia, Raf. 215. 
PoLEMO.VIACEAJ, 319. 
Polcmoniiun, Tournef. 
319. 

Polyanthus, 310. 
Pfllycarpon, Lajfl. 275. 
Polj'gala, X. 230. 
POLYtfAI.ACE-H, 2.36. 
Pol.YGOXACE.IS, .3.3(5. 

Polygonum, X. .3.30. 
POLVPETAEJE, 197. 
Polypodies, 410. 
PolypodWin, X. 416. 
PoLYPOUBS, 450. 
Polypovus, Mieh^ 450. 
Polysiphonia, G rev. 4.33. 
Polytrichum, X. 421. 
POAIES, 261. 
I'omeyranate, 204,271. 
Pompelmoose, 2.39. 
Vond-iceeds, 394., 
PONTEDEHACES, 380. 
Poplars, .366. 

Poppy, 210. 

Populus, X. 3.50^. 
Porcupine-wood, .308. 
Porphym, Ayh. 4.33. 
PORPHYEES, 433. 
Portulaca,ro«r«r/'. 276. 
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PoUTlTLACACEiH, 276. 
Potnlia, AM. .'M5. 
I’otamofroton, L. 394. 
Futato, 324. 

Potato Fioa/m, 464. 
Poteutilla, L. 202. 
I’OTENTJI.LIDA-:. 202. 
Potpiiuin, X. 202. 
Pothos, X. 370. 

PriVAV.v Ai^h, 240. 

Prich fi/ Pear, 284. 
Pri'inrose, 310. 

T’rinuila. X. 310. 
Pl£IMUr,ACE.>E, 309. 
Prince's Feathers, 338. 
Priiioa, X. 313. 

Priiitzia, Cass. 209. 
Prisraatocarpus, Aljth. 

DC. 302. 

Privet, 300. 
PnocnrDEAj, .360. 
Pi'o.$opi.‘», X. 26(i. 

Protea, X. .340. 
Photeace.-k. .345. 
PjtOTOl’HYTA, 192. 
I’ni'XEAj, 2()1. 

Prunella, X. 327. 
I’ruTius, 201. 

Psiflinni, X. 204. 
l’.^ilotnm, Sic. 412. 
Psycliotria, X 294. 
Ptelea, X. 2 10. 

Ptoris, X. 410. 
Pterisanthes, Plum. 

249. 

Pterospora, Xvtt. 304. 
Puceiiva, Pars. 462. 
Puccoon, 210. 

Paff-hulls, 449, 4.50. 
Pulses, 264. 

Pimpkin, 281. 
Punolaria, Grev. 430. 
Puniaa, X. 204. 
Puri/ing-m4, 349. 
Ptrple-heart, 269. 
Purslane, 270. 
PuUy-r,oot, 384. 

Puya, hoi. 

Pyenophycus,jP«to. 485. 
Py retlmim, Gcertn. 298. 
Pyrola, Tournef. 304. 
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Pyuole.e, .304. 

Pyrus, Lindl. 202. 

Qualea, Auhl. 207. 
Quamluiiy-uiit, 344. 
Quassia, 247. 

Quas.^ia, X. 247. 
Quercitron, .366. 
Quercns, X. .354. 
Qnillaia, Mol. 202. 
Quii.t.aiaj, 202. 
Quill-irorts, 413. 

Quinas, 240. 

Quince, 203. 

(Juisqnalis, B((»i^)/i.208. 

Quitch, 400. 

Radiola, Dillen. 240. 
Padish. 216. 

Kaffleeia, 11. Pr. 301. 

11 A KFI-KSIAO r..E, .3()1. 
Paisins, 219. 
llaiualina, Ach. 441. 
Pamhafan, 231. ^ 
Pampion, 30.3. 

llANl’-VClT, A(* K.E. 108. 
llA^'l'NOUI.K.T!, 197. 
Ilamincnlu.^, L. 198. 
Ilaphaini.'t, Tournef.'Ill. 
Paspherry, 20-3. 

Pat a, 2(>6. 

Ilavoiiala, A dans. .387. 
llEAT'.Ml'ItlACE.E, 232. 
Pal Cedar, 400. 

Ped Pattle, .3.36. 

Ped tSe.airceds, 4.32. 

Ped Snmo, 439. 

Peed, 400. 

Jleinden' Muss, 443. 
Rpiieda, X. 210. 

TtESF.nAOK.E, 210. 

Pesirt, 400. 

Rksi tacea-i, 400. 
Reatio, X. 400. 
Pemrreetitin plants, 41.3. 
llirAMNACKA., 261.* 
Rhaiiiiuis, J:m. 261. 
Rhapis, L.fil. 306. 
Rhatuny, 230. 

Rheum, X. 330. 
Rhexia, Nvit. 209. 


Rhinanthus, X. 3.3.3. 
Rhipsali.s, Gecrtn. 283. 
Itnizoiioi.EAs, 220. 
Rhizogen.s, 10.3. 
Rhizopliora. Lam. 207. 
Rnrzoi'irouACE.E, 2(>l!. 
RtCODODENDltEyE, .304. 
Rhododendron, X. .304. 
Rliodoleia, Champ. 280. 
Rhodoinela, Ayh. 433. 
RiiodomeI.e.e,' 433. 
RrronosrEHME/E, 432. 
Phuharh, .3.37. 

Rhu-s, L. 262. 

Ribes, X. 286. 
RmEsiAon.E, 28.5. 
Riccia, Mich. 420. 
RiccrAf’E.E, 420. 

Pice, .‘599. 

Pice-paper, 290. 
Riehai'ilia, Kanth, .370. 
Ricliard...onia, Kanth, 
294. 

Riciniis, Tournef. .347. 
Rissoa, .Irn. 2.39. 
Rivnlaria, Puth, 4.39. 
Piiad-treed, .‘508. 
Poeamhole. 3,77. 
Ropcella, DC. 441. 

Poeh Poses, 21 7. 
Roinneva, X. 209. 
Rondeletia, PI. 2!)4. 
Rosa, Tniirnef. 202. 
Ro.sace.e, 200. 

Rose.e, 201. 
Pose-apples, 204. 
Posemarn, .‘528. 

Poses, 286. 

Poseivood, 268.- 
Rosiha-;, 2(52. 
Rosniarinn.<<, L. 327. 
Rottlera, Poxh. .‘547. 
RoxiirnGiiiArKA-;, 373. 
Rovena. L. 312. 

Rn'bia, Tournef. 294. 
-‘‘RniiACEA:, 2‘.)3. 
Ruhus, X. 202. 
Rudbeeliia, X. 298. 
Jduc, 240. • 

Rumex, L. 330.. 
Ruppia, X. 394. 
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Ruscus, Totmief, 375. 
Itmhen, 378. 

Muxts, 4.53. 

IRita, Toururf. 245. 
RuTArr„*, 245. 

Rue., .309. 

Rye, Rnjot of, 4.52. 
Rj/e-yrusx, 399. 

Sliilnulillit, ,37^. 

Sabal, Adults. .305. 
Saiiiace.t:, 204, 25.3. 
Sa('.(!liiii'iiin, .399. 
Su(llower, 300. 

Suffhui, .391. 
tSui/ujieiiiiin, 289. 

Sui/e, :i28. 

Sajj'ina, L. 222. 
Siisrittaria, L. .393. 

Suiju PitliHX, JMM). 
Siii/o-p/iiiitx. 409. 

.Sa>riis. (I'eertii. 305. 
iSaiiiffoiii, 257. 

Side/), :i84. 

Sai.itac'e.e. .350. 
Sali<'onna, Touru. .3.39. 
Siilisburia, A'ja. 400. 
Salix, L. .350. 

Sidlou'x, .35(5. 

Haloiiionia, Lour. 2.3(5. 
iSalpijjlossi.s 2i. <!(• R. 
.333. 

Sahufy, .301. 

Salsblii, L. .339. 
Sai.vadoha(0.:.»}, 307. 
Salvi'vtia, »SV. 7/(7. 207. 
Salvia, L. 5527. 

Salvinia, Mich. 411. 
Sambufus, Tourn. 292. 
Sainolus, Toiinief.'iXO. 
Siiniphire, 289. 
Saaivdacea.], 279. 
Sandul-irood, 343. 
Smidal-wood, red, 258. 
Saiidarar, 40(5. 
Suiid-yraiixes, 400. 
Saiigiiinaria, 210. 
8ANGUISOJIB15AB, 201. 
SanicAila, Toiirnef. 287. 
Sauseviora, Thvuh. 376 
Santalacbjs, 343. 


Saiitalum, L. 343. 
ISap-ijreen, 251. 
Sai'i.xdacea!), 233. 
Sapi.nde.a;, 2.3.3. 
Sapindiia, X. 233. 
t^apudiUu-plnm, .312. 
Sapoiiaria, L. 222. 
Saponine, 223. 
Ma('()ta(b.',.k, 311. 
Sapria, io-ijf’. 3(51. 
SAPnOT.KONIEAJ, 4.38. 
Supucuya-nutx, 205. 
(S'wcoco/, .340. 

Sarcocolla, Kth. 340. 
Sarcophytc, i^pann. 

3(50. " 

.Sac^asHiiin, Ruiiiph. 

435. 

Sarracenia, L. 207. 
SAltliACENIACE.E, 207. 
iSaivaparilhi, .374. 
ISursupari/lu. iri/d, 290. 
SassaiVas, JSWx, 340. 
/SV(.«.w/V(T.f, .341. 
Sutiii-irooi/, R. 1., 238. 
Sauraja, Willd. 229. 

Sai jiajk.t:, 229. 
Saiu-idia, llurv. 389. 
SAUnntACEA.), .‘5,58. 
SauiMinis, L. 359. 
Saussim^a, DC. 298. 
SAryAGEsiACE.E, 220. 
Savine, 400. 

Savory, 328. 

Saxifraga, L. 272. 
Saxipragacv-.t:, 271. 
Saxitracjai.kr, 271. 
Saxifiiagf,.t5, 272. 
Sa.rifraye.x, 273. 
Scabiosa, Rom.^- SchuU. 

29(5. • 

Scahiom, 297. 
Scale-Mosses, 423. 
Scaminony, .320. 
Scanbopctalum, Mast. 
226. ^ 
SCEPACKJE, .349. 
ScheAicbzeria, X. 393. 
Sehinus, X. 252. 

. Scbizaea, Smith, 417. 
SCHIZ.jEEiE,417. 


Schizandra, X. C. Rich. 
204. 

SOHIZANDHACE.®, 204. 
Scliizantbus, R. ^ P. 
;533. 

Schizopetalon, Mook. 
214. 

Schcenus, X. 401. 
Scholia, Jacq. 2.55. 
Schweinitzia, Jill. 304. 
Scilla, X. 375. 

Scio Turpentine, 253. 
Scii-pus, X. 401. 
ScLEBASTnEiE, 276. 
Sclci-anthus, X. 276. 
Scolopendrium, Smith 
41(5. 

Scorzonera, X. 301. 
Scotch Fir, 404. 

Screw l^ines, 3(59. 
Scropliularia, Tournef. 
333. 

SCBOrHUDAEIACE.®, 

323, 332. 

Scruhhy Oak, 229. 
Sea-Buckthorn, 346. 
Si‘a-Kale, 216. 

Seaweeds, 428. 

Sea- Jf'racks, 434. 
Secale, X. 399. 
Sftcbiuin, P. Br. 280. 
Secotium, Uze. 449. 
SecuridacR, X. 230. 
Sedges, 401. 

Sedum, X. 274. 
Ski.agtxacea(|, 329. 
Selaginella, Sprifig. 412. 
Semccarpus, X. 262. 
Semen Contra, 299. 
Sempervivum, X. 274. 
Soneuiera, Pair. 214. 
Senecio, Bess. 298. 
Seiina,^ 258. 

Sequoia, 406. 

Serratula, DC. 298. 
Sesamum, X. 330. 
Sosuvium, X. 276. 
Solaria, X. 397. 

Seville Orange, 239. 
(Sftaddocfc, 239, 

ShMot, 377. 

2 H 6 
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Shaloo, .^09. 

Sh^moiild, 390. 

Shea, 31:?. 

Slu'ranlia, Dill. 294. 
Shorea, Ro.vh. 228. 
8icvos, L. 280. 

Rida, L. 224. 

Silaus, Hess. 288. 
Silent', L. 222. 
SlI.EXK.E, 222. 
Silk-cotton-trees, 22o. 
Silk-ireetls, 4.30. 

Silrer Fir, dO.j. 

Simaba, AtM. 247. 
Riniai'uba, Anhl. 247. 
SfMAItVBACE.E, 247. 
Ririapis, Tonrnef. 214. 
Simjharu-nut, 270. 
Siphoeampylus, Vohl, 
801. 

Si.<yinbriuiu, L. 214. 
SiAjTinohium, X. .391. 
Rkinnern, Forst. 2ri9. 
Skiink-cahhai/e, .371. 
Snicatbmaniiia, Solund. 
278. 

Sjru.ACE.E, .374. , 

Smila.x, L. .374. 
Sinyvnium, X. 287. 
Siiake-{/oiird, 281. 
Snake-nnt, 234. 
Snake-root, 2.30. 

Sn ap-dnu/on, 3.3.5. 
Snow-herry, ;j9.3. 
Snowdrop, .388. 
Snowdrop-tree, .314. 
Snow-yiakr, .388. 
Soap-root, 223. 
Spap-worts, 23.3. 
'Soi.ANACEjE, 321, .323. 
Rolanmu, X. .323. 
SolitlafTo, X. 298. 
Sollya;X(«t//. 248. 
Silomon's Seal, .377. 
Sonchiis, X. 299. 
Sonerila, Tfati. 209. 
Sophora, X. 2.55. 
Sorghum, Pers. 397. 
Sorrel,^ .3.30. 

S(mari-mds. 2.30. 
Sour-sops, 202. 


SnUhern-ihiod, 299. 
SPAinciFEou.®, 194, 
.30.5. 

Sparganiiini, X. 309. 
Sparmannia, 228. 
Speedwell, 3.35. 

Spelt, 3‘.)9. 

Sporgula, X. 27.5. 
Sporgularia, Pers. 275. 
Spormacoco, X. 294. 
Spb.fria, X. 4-52. 
St’H.KUIArEA5, 4.52. 
Sl'lI.EHIK.E, 4.52. 
Sphn?rocarpua, Mieh. 
420. 

Rnt-EitocorcE-E, 4-3.3. 
Sph:iprococcn.s, Grev. 
4.33. 

Spha'rophoron, Pers. 
•141. 

Spliasroplen, Ayh. 4.37. 
Spliferostema, lilum. 
204. 

Sl’IIAONACE.E, 4*12. 
Spbajriuim, Dillen. 422. 
Spider-irorts, .37!). 
Spifielia, X. 314. 

Spike, oil of, .328. 
Spikenard, 290. 
Spinach, 339. 

Spinach, New-Zealand, 
270. 

Spiiiacia, Tonrnef. 3.39. 
Spindle-tree, 251. 
Spirnen, X. 202. 
Sl'TR.EIDA-}, 202. 
Spirop:yra, Zink, 437. 
Splachmiiii, X. 421. 
Split-Mosses, 423. 
Spoiitlyis, X. 252. 
Sl'OIiOOAMIA, 410. 
Spraee Zir, 405. 

Spa rye Laurel, .344. 
Spurrey, 223. 

Squill, 370. , 

Rtaavia, Thhnh. 280. 
Stac-hya, Heath. 327. 
Stackiiou.siaoe.e,251. 
Stagmaria, Jack, 252. 
Stanpreria, Moore, 409. 
Stanhopca, Ford. 882. 


Stapolia, X. .318. 
Stapbylea, X. 234. 
Stai’iiyi.eaceje, 234. 
Star-Anise, 201. 
Star-apple, .312. 
Star-wort, 359. 

Starch, 308. 

Statice, X. 309. 
Stauntouia, DC. 204. 
5yt/r('.srtrr(>,,199. ■ 
Stfllaria, X. 222. 
Sria.T.ATJE, 294. 
Stenioiiitis, Glcd. 449. 
St(’])lmnosphiera, Cohn, 

440. 

SO'iTulia, X. 220. 
STEiirri.rArK.i-:, 220. 
STETtCl'niK.E, 220. 
Storeocaiilon, Schreb. 

441. 

Rticia, Schreh. 441. 

St. lynatins's Hean, 315. 
S rlT.AGIXACE.E, .352. 
Stiliiyo, X. 3.52. 
Slinyiny-nettle, .3.51. 
Stipn, X. 397. 

St. .Tohns-troH, 231. 
Stock, 21.5. 

Stone-crop, 274. 
Stonc-jiine, 405. 

Stora.r, yam, .313. 
Storajr, liquid, 280. 
Strashurq Turpentine, 
400. 

Stratiotes, X. .392. 
Strawberry, 203. 
Strclitzia, Hanks, .387. 
Strcptorarpii.s, lindl. 
.331. 

Slrinyy-harks, 20.5. 
Strycbno.s, X. 314. 
Styi.idiaoea-:, .302. 
Rtylidimn, Stc. .302. 
STYnACACE.E, 31.3. 
Rtyi’ax, 'Tonrnef 313. 
Siibularia, Adans. 214. 
Succory, 300. 
Suyar-cane, 3.09. 
Sumach, 25,3‘. 

Sun-detes, 218. 
Sun-flower, 300, 
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Sim-he.mp, 224. 
Sitnmini Medlar, 312. 
Swamp Pine, 4()5. 
Swartzia, WiUd. 25-1. 
Svxet-leaf, .'’.13. 

Sweet Potato, 321. 
Sa-eet-sop, 202. 

Sweet Vermil Grass, 
.300. 

Sweet Violet, 220. 

Sweet 'I nil fa m, 223. 
Swietenia, L. 238. 
Sijcamore-Jiij, 3.')2. 
Symphork-ariHW, Dill. 
202 . 

Sympliytuin, L. 32-5. 
Hy.n.si'ouKvH, 130. 
.Syi-inga, X. .300. 
Si/riiiya, 2r.3. 

Tithasheer, 400. 
Taljcninoiiiintiuia, 
Plum. 317. 

Tdi amaliaea, 2.31. 
'raacli'S, Toanaf. 208. 
'I'alilium, Adans. 27.3. 
Tallow-lree, 231. 
TAMAttrC'ACK.H, 220. 
Tamarind, 2.38. 
Tantarind-jdam, 258. 
TaiiiarinduM, L. 2o5. 
Tamarish, 220. 
Taiiiari.v, 221. 

Tamii.c, L. 37-3. 
Taiiffliiuia, Thotutrs, 
.317. 

Tanyle, 43(5. 

Taoiiia,./. Ayh. 434. 
Tapioea, .340. 

Tara, 371. 

Tara.vacnm, Juss, 299. 
Tarrayon, 200. 
Ta'imaiiiiia, It. Br. 201. 
TAXACHiK, 400. 
Taxodium, L. C. Rich. 
404. 

Taxus, L. 40(5. 

Tea, 2.30. 

Ten, Cape of Good 
Hope, .30(1. 

Tea, Parayuay, 313. 


7’e«A:,.329. . 

Teazel, 2‘.K5. 

Tecoma, Juss. 3-30. 
Tectoua, L. 328. 

Teff, 300. 

Tellairia, llooh. 280. 
Teiikiu.xthacea;, 2.32. 
Tei-miiialia, L. 208. 
Tku.mi.valiha.;, 20S. 
Tornstro i 11 ia,.5/(»2.229. 

TKn,\STK(JJJllACE..E, 

220 . 

Tufixstikemteae, 229. 
'J’utilla, DC. 27.3. 
Tetracora, L. 200. 
Teti'ai>'oiiia, L. 275. 
Tetraimdc.^, It. Hr. 282. 
Tutrantliera, .Taey. .340. 
Tatrapatlifua, DC. 278. 
'IVtraphi.s, Iledw. 421. 
Ti'tvaspoia, Dee. 4.37. 
Tauei-ium, X. 327. 
Tiialamiflor.h, 197. 
Tlialictrum, Tonm'ef. 
10.-^. 

'rilALLOl* AMIA, 414. 
Thallogexs, 427. 
That.loi'HYTa, 192, 
427. 

Tliiiiniiocliortiis, Bery. 
400. 

Tliapsia, L. 288. 

Thea, X. 2.30. 
Theobronia, X. 22.3. 
Theophrasta, .Tms. .311. 
Thesiuni, X. 343. 
Tliismia, Griff. 384. 
'Thistles, 301. 

Thlaspi, Dill. 214. 
Thorn-apple, 324. 
Thrift, 309. 

Thuja, 'Tourmf. 404. 
Thunbeivia, X. .329. 
Thyme, .328. 
THy5rEr,ACF..n, 344. 
Th^finus, ij. 327. 
Ticoroa, Anhl. 245. 
Tiayidia, Juss. 390, 
Tilia, X. 227. 
Tn.iACE.i!, 227. 

Tillaja, Mich. 274. 


TiUandsia, X. .391. 
Tmesipterisj/leiX/i. 412. 
Toacl-Jlax, 335. 
Toadstools, 4.50. 
Tobacco, 324. 

Toeusso, .399. 

Todea, Willd. 417. 
Tolieldia, Iluds. 378. 
Tomato, 324. 
'Tonka-bean, 258. 
Toiimefortia, R. Br. 
326. 

Tous-le.s-mo{s, .387. 
Trado.seautia, X. .379. 
Trayacanth, 220, 258. 
Trairopo^on, X. 299. 
Trapa, X. 209. 

'Tree of heaven, 247. 
Tremandra, R. Br. 2.3G. 
Tll HMANimAOE. 13 , 236. 
Trmnella, DUl. 4.50. 
TnEMEl.l.KA 3 , 4-50. 
Triaiiosperma, 280. 
Tribuliis, 'Dmrnef. 244. 
Tricorastes, PresI, 282. 
'I’riehia, Hall. 440. 
Trichocladus, Pers. 280. 
Trichocolea, Kces, 424. 
Tiiichooastuf.je, 449. 
Triclioinaues, X. 4l7. 
Trichostomum, Iledw. 
421. 

Trifolium, X. 2.55. 
Trifrlochin, X. 30.3. 
IMlliumr Mill. 874. 
Tripe de roehe, 443. 
Triphasia, Boar^ 239. 
Tripsacum, 5390. 
Triticum, X. .397. 
Triumfetta, Plum. 227. 
Trixis, P. Br. 2!)‘9. 
TiiorAiOLACE.®, 243. 
TropsDolum, X. Mi. 
D'uffles, 449, 451. 
Trumpet-flower, 3.30. 
Trumpet-lily, ;371. 
Tuber, Mich. 450. 
Tubkbbje, 450. 
'Tuberose, 377. . 
TUBIFLORi*!, 298. 
Tulipa, Tournef.S75. 
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Tulip-tree, 201. 

Tii*pa, O. Hon, 301. 
Turl'ey-red, 2-15. 
Turmeric, 385. 

Tiirnt'va, Fhon. 270. 
TrnsEUACKJE, 278. 
Turnip, 215. 

Turnsole, 349. 
Turpentine, 406. 
Tvsme-yruss, 390. 
Tussilairo, T<inrnef.‘2Q8, 
Tviiiuanis, Tod. 452. 

Ti plia, L. 369. 
TyphacEyE, 3()9. 

Udora. yuH. 392. 
irio-Y, i. 2-55. 
Ul.MACF.A5. 352. 
Ul.MF.E, 3.53. 

Ulmus, L. 353. 

Ulva, Ayh. 437. 
UMBELLIFEIt.E, 280. 
I'nibilicaria, Roffm. 
441. 

UxiOEI.I.UI.AliES, 438. 
Zfpns tieute, 315. 
Upas-tree, 3.52. , 

I'UEDINEiE, 4.52. 
UUF.XE.E, 224. 

Urera, 350. 

UnF.RE.E, .350, 

Urtiea, Tournef. .350. 
'T.lBTIfACEAS, 350. 
ITsteria, WUl± 314. 
Utricularia, L. 335. 
llvaria, L. 202. 
Uva-uf’si, 305. 
Uvulavia, L. 378. 

VACCINIEiE, .303. 
Vacciniura, L. 304. 
Valerian, 29.5. 
Valetiana, Neck. 296. 
VAI.F.ttlANACEAS, 295. 
Vallisneria, Mich. .392. 
Valonia, 355. 

Vanda,' R. Br. 382. 
Vanilla, Hie. 382. 
Vanilla, 884. 

Valeria, L. 228. 
Vaochoia, DC. 437. 


VAlTCIIEnrEA!, 4.38. 
VeijetaUe Ivor;/, 3(i8. 
Veyetuhle Marrow, 281. 
Velldzia, Marl. il89. 
Veniee Turpentine, 486. 
Venue’s Hy-trup, 218. 
Veratnmi, Tournef. 378. 
Varbaisimin, /,. 33.3. 
Verbena, X. .328. 
■\'eubenacf..e, 328. 
VEnitEXK.B, .328. 
Vernul-yruss, .399. 
5'cronica, X. 333. 
Verruoaria, I'ers. 441. 
Vervain, 328. 

Vetivert, .399. 
Viburnum, X. 292. 
Vieia, X. 255. 

Vieturia, Lindl. 206. 
Villarsia, Vent. 310. 
Vinea, X. 317. 
Viuceto.xicum, Mwnch. 
318. 

Vine Mildew, 4.53. 
Vines, 249. ^ 

Viola, X. 219. 

Viol ACE.E, 219. 

Violet, 220. 

Viryinin Creeper, 249. 
Viryinian Snake-root., 
.3(>2. 

Vlrola, Auhl. .341. 
Viscum, Tournef. 343. 
Vismia, Velloz, 232. 
VlTAOEAS, 248. 

Vitex, X. 328. 

Vitia, X. 249. 

Vivian VC EA5, 243. 
Vochysia, Juss. 207. 
VociIysiacka;, 2()7. 
Voi.voclmea;, 440. 
Volvox, luim. 440. 

Wall-flower, 215. 
Walnut, 354. 
Waltheria, 1. 220. 
Wampee, 240. 

Warree, .309. 
Water-beans, 207. 
Water-chestnut, 270. 
Water-cress, 216. 


Water-hendoek, 289. 
Water-lilies, 207. 
IVater-peppers, 232. 
Water-weed, .392. 
Wu.e-Minile, 355. 

Weld, 217. 

Welwitschia, Hook.f. 
407. 

Wennnth, 299. 

Wheat, 399,. 

White rust, 45.3. 
Whortle-herry, -305. 
Wiy-plunt, 2.53. 
AVibleuovia, Thunh. 
400. 

Willows, .350. 
AVlXTKltK.E, 201. 
Witter Aconite, 199. 
Winter-yreen, .305. 
Winter s hark, 201. 
Witch-Hazel, 280. 
Woad, 215. 

Woud-oi', 2.38. 
Wood-Sorrell, 241. 
Wooruti, .”.15. 
Worm-seed, 3.39. 
Wormwood, 299. 
Wrlehtia, It. Hr. .317. 
JVych F.lm, .353. 

Xantliocbvnms, Jioxh. 
2.31. 

Xantliopbyllum, Ro.eh. 
230. 

Xanthorrlia’a, Sm. 370. 
Xaxiiioxyi.acea!, 

240. 

Xantlioxylon, Kunth, 
240. 

Xeranthomum, Tournef. 
298. 

Xylophylla, X. .347. 
Xylopia, X. 202. 
Xyhidackai, 379. 
Xyris, X. 379. 

Yams, 372. 

Yeast-plant, <^54. 
Yellow Rattle, 335. 
Yellow-root, 199. 
Yellow-wood, 238. 
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YetC‘tref>A, 400. Zea, X. 300. 

Yucca, X. 375. Z(fhra-woodj 253, 295. 

. Xedoaiy, 385. 

/amia, L. 409. iKiugiber, Omrtu. .385. 

/amiicliollia, Jl/tc/i. •394.yZr.vamj';itACEiE, 385. 


Zinnia, L. 298. 
Zizvphus, Tournef. 251. 
Zoatera, L. 394. 
ZvooruyLLACEAE, 244. 
Zygophyllum, L. 244. 


GEl^EHAL AND GLOSSARIAL INDEX. 


[The cxpUmaliona of the tochnieal lorma are given at the pages referred to.] 


Aba^ial embryo, 153. 
Abbroviatory marks, 80. 
Abyrtion, sA, 00, 01. 
Abruptly pinnate, 51). 
Absorplion, 501. 
Accessory buds, 08. 
Accr(‘.'iccnl calyx, 102. 
Aeciiinbont cotyledons, 
152. 

Acorose, 54. 

Acluenc, 140.1 
Aebanium, 140. 
Acblainydeons, 1)0. 

Acids, organic, 573. 
Acrobrya, 510. 

Acrogen.s. steins of, 510. 
Aculei, 05. 

Acuminate, 55. 

Acute, 55. 

Adherent, 95. 

Adhesion. 88, 04. 

Adnatc anther, 114. 

— - sti])ulcs, 40. 
Adventitious buds, 08,581. 
- - roots, 17, 18, 525, 
530. 

Aiirial roots, 10. 

-system, 512. 

Atirophyta, 10,441. 
..aestivation, 72, 08. 

Age of plants, 549. 
Air-canals, 512. 

AW, 105. 

Alate. 40. 

Albumen of seeds, 150. 

-centrale, 153. 

-- periphericum, 153. 

Albuinin^ius (seeds), 151. 
Alburnum, 523. 
Aleurone, 400. 

Algas, morphology of,428, 


Algir, rei^roduction of, 
580. 

Alternate, 40. 
Alternijiinnate, 00. 
Altitude, regions of, 045. 
Amber, 071. 

Amentum, 70. 

Amniolic sac, 151. 
Amphigastria, 423. 
Ampbisaiva, 145. 
Amphitropous, 131. 
AmjiV'xicaul, 55. 
Amyloid^ 480. 

Anatomy of leaves, 528. 

-of rimts. 524. 

-of stems, 515, 

Anatropous, 1*10. 
Andpu'eium, 113. 
Audropliore, 97. 
Androspores, 591, 
Angiosjiermia. 10. 

-, ovules of, 010. 

Angiosporje, 10. 

-, reproduction of, 

595. 

Angular, *18. 

-divi'rgence, 42. 

Anisomcrous, 91. 
Aiiisostomonous, 117. 
Annual jdants, 547. 

- rings of Dicotyle¬ 
dons, 521. 

-stems, 32. 

Annular cells, 484. 

—•— vess^s, 502, 504. 
Anmilus oif i'erns, 418. 
Anther, 113. 

-, faces of, 114. 

-, forms of, 115. 

——, structure of, 530. 
Antheridia, 410,553,689. 


Antberidia of Algte, 589. 
Antherozoids, 552,580. 
Anthocarpous fruits, 146. 
Anthophore, 97. 
Anthracite, 070. 
Apctulous, 00. 

Apex of leaf, 55. 
Ajmeurpous fruits, 137. 

-])istil, 122. 

Apothecia, 442. 

Arabinc, 497. 

Arbor, 39. 

Arbusculns, 30. # 

Archogonia, .5,‘1.3,508,001. 
An'uale embryo, 152. 
*Arcas of distribution, G37. 
Arillodo, 150. 

Arillus, 150. 

Arista, 111. 

Articulate, 38. 

Art iculation of leaves, 40, 
Artificial classifications, 
181. , 

Ascending, 38. 

-ovule, 129. 

Ascent of sap, 545. 

Asci, 445. 

Ascidia, 03. 

Assimilation, 573, 
Astomous. 422. 

Ati'opous, 130. 
Auriculate, 55. • 
Authority for names, 167. 
Awl-shaped, 53. 

Awm, 111. 

Axial embryo, 153. 

——roots, 17, 52G. 

Axil. 22, 30. 

Axil© placentas, 124. 
Axillary buds, 22, 67. 
-irdlorescence, 72. 
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Axillary stipules, 49. 

Axis, ascendin';, 21. 

-, hypocolylcdoimry, 

22 . 

Axogamia, 10, 507. 
Axoidiyta, 10. 

Bacca. 14(5. 

Balausta, 147. 

Balsams, 577. 
Banyan-tree, 20. 

Bark. 508. 

Basidiospores, 445, 534. 
Basidiuni, 44.5. 

Basilar style, 126. 
Bassorine, 497. 

Bast, 523. 

Bcntliam and Hooker’s 
System, 194. 

Berry, 145. 

Biennial plants, 547. 

-stems, .33. 

Bignoniaccse, .stemsof,521. 
Bilabiate calyx. 102. 

-corolla, 106. 

Bilocular antlici-, 116. 
Biimry (lowers, 87. 
Bipinnate, 60. 
Bipinnatifld, .58. 
Bipinnatipartito, .58. 
Bipiniiatiscot, 58. 
Bitcrnato, 60. 

Blatle, 46. 

“ Bleeding,” .569. 

“ Bloom” of frui ts &c., .578. 
Botiinieal geography, 641. 

— geology, 670. 

— paijer, 4. 

-regions, 6.53. 

Bothrenrhyma (pittedtis¬ 
sue), .502, 504. 

Braoteoles, 74. 
Bract-region, 24. 

Bracts, 46, 72, 74. 
Bristles, 62. 

Broon* rapes, 21. 
Budding, 584. 

Bud.s, 66. 

-.adventitious, C8,.581. 

-, axillary, 22. 

-, on roots, 21. 

—, terminal, 22. 

.1 — , winter, 70. 
Bud-scales, 69. 

Bulb, 25. 


Bulbils, 26. 

Bundles, definite, .508. 

-, fibro-vasculivr, 506. 

-, progres.siT 0 , 50.8. 

-, simulbineous, .507. 

-, vascular, of Dico¬ 
tyledons, 507. 

Caducous, 83. 

-calyx, 102. 

-corolla, 108. 

Calycifloral, 95. 

Calyx, characters of, 100. 

-, common, 79. 

-, lobes of, 101. 

-, throat of, 101. 

-, tube, 97, 101. 

Cal vptra (of Mosses), 421, 
.598. 

Cambium-region, 506. 
-of Monocotyle¬ 
dons, 518. 

-of Dicotyledons, .520. 

Campauulate, 101, 105. 
Cainpylotropous, 131. 
Canaliculate, 48. « 

Canals for secretions, 514. 
Cauccllate-nerved, 52. 
Caoutchouc, 578. 
Capillary, 114. 

-action, .505. 

Capitate stigmas, 127. 
Capitulum, 78. 

Cajjsule, 143. 

Carbon, assimilation of, 
574. 

Carbonate of lime, excre¬ 
tion of, 578. 

Carbonic acid, absorption 
of, 571. 

-, evolution of, 572. 

CarcerrJus, 143. 

Carina, 105. 

Carpels, 120. 

- of Gymnosperms, 

128. 

Carpophore, 97,136. 
Caryophyllaceous corolla, 
104. . 

Caryopsis, 143. 

Catkin, 76. 

Caudox, 35. 

Caudicle, 120. 

Caulicle (=:liypocotyle- 
donary axis), 22. 


Cauline leaves, 46. 

Cells of anthers, 115. 

-of ovaries, 123. 

CeUs, 470. 

-, annular, 484. 

-, circulation in, 552. 

-, olathrate, 483. 

-, colonics of, 499. 

-, conducting, 501. 

-, contents of, 488. 

—.,devclopijieut <jf, .531. 

-, duration of, 549. 

-, fibrous, 48.'{. 

-, form of, 472. 

-, magnitude of, 470. 

-, nucleus of, 491. 

-, i>erforated, 482, 

-, pitted, 4S(). 

-, reticulated, 484. 

-, scalariform, 484. 

-, spiral, 483. 

Cell-division, .531. 

Cell formation, free-, 531, 
534. 

Cell-life, 551. 
Cell-membrane, composi¬ 
tion of, 487. 

-, molecular structure 

of, 478. 

Cell-wall, 477. 

Cellular envelope, 520, 
523. 

-system, .505. 

Cellulose, 485. 

-, detection of, 486. 

Central plaex>ntaa, 124. 
Centres of dilfiisioii, 637. 
Centrifugal inflorescence, 
7.5. 

Centripetal inflorescence, 

7.5. 

Ccramidium, 431. 
Cernuus, 38. 

Chalaza, 130. 
Characca;,reproductionof, 

59.5. 

“Characters’ ’ofplants, 173. 

-, diagnostic, 171. 

Chemical test, .5. 
Chemistry of vegetation, 
558. 

Chlorophyll, 4!)2. 
Chorisis, 89, 214. 
Cicatrix, 49. 

Cinenchyma, 509. 
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Circinato, 71. 

Circulation in colls, 653. 

-of sap, .670. 

Circuinsoissile dcliiscence, 

l.‘}(). 

Cirri, 03. 

Cladode, .39. 

Cladoidiora, cell-division 
of, .633. 

Classes, Linnean, 18.3. 
Classificjitiwi of fruits, 
l.'W. 

-, principles of, 1.65. 

-, systems of. 181. 

Clatlirato cells, 48.3. 

Claw of petals, 10.3. 
Climate, 0.31. 

Climbing plants, 38, 0,30. 
Cloves, 30, .6.83. 

Coal, 070. 

Coats of ovule, 129. 

Cocci, 13.6. 

Co<vidium, 431. 
Coelilcariform, 104. 
Ceeuantliium, 81. 
Cohesion, 88, 93. 
Colcorliizii, 1.8, .62.6. 
Collar of .stems, .630. 
Collateral nniltiplic.ation, 
89. 

Collencbyma, .601. 
C'olleiieliyma-cells, .601. 
Colloid, 503. 

Colouies of cells, 499. 
Coloured light, action of, 
.671. 

Colouring matter of 
flowers, 498. 

Columella of Mosses, 421. 
Column of Orchids, 123. 
Coma, 149. 

Common calyx, 78. 
Common receijtocle, 78. 
Comjdcte flower, .88, 90. 
Compound flower, 78. 

-fruits, 14.6. 

-glands, 51.3. 

-inflorescenco, 81. 

-leaf, .61, .68. 

-pistils, 122. 

-stamen. 89. 

-unlbel, 77. 

Compressed, 38. 

-calyx, 103. 

Concave petal, 104, 


Conceplacles, 4.3.3. 434. 
Coneeptaculum, 14.3. 
Condition of food, .604. 
Conduplieate, 71. 
Conducting cells, 501. 

-tissue, 530. 

Cone, 76. 

Con fervi uds, reproduction 
of, .691. 

Coi'tlueut fruits, 147. 
Couidi.a, 1.61, .6.‘i4. 
Coniferm, reproduction of, 
008. 

--., .stems of, .619. 

-, wood of, .631. 

Conjugation, 590. 

-in Fungi, 589. 

Connate Iciives, 55. 

-stipule.s, 50. 

Connective, 115. 

Conuivent sepals, 101. 
Consistence of leaves, 01. 
Contact action, .650. 574. 
Contents of colls, 488. 
Contorted u'.stivation, 99. 
Con\mluto, 72. 
C(mvolu4ive.Tstivation,99. 
Cordate, 53. 

Coriaceous, 01. 

Cork, 511. 

Corrns, 27. 

Coriuophyta, It'. 

Corolla, eiiaraetorsof, 103. 
Corollillorid, 95. 

Corona, 107. 

Coronet, 107. 

Corpuscles, germinal,003, 

on. 

Corpnsoula, 008. 
Corrugate, 99. 

Cortex of fruits, 133. 

Cort ical system, .608. 
Coi’yrab, 70. 

Corymbose cyme, 80. 
Cosbe. 51. 

Cotyledon!?, 15,1.62. 
Creeping, 38. 

Cremooarp, 140. 

Cfenate, 

Crested jmtals, 104. 
Crista, 104. 

Cruciform corolla, 104. 
Crude sap, .605. 
Cryi)togamia, 10. 

--, morphology of, 153. 


Cryptogamia, roots of, 
.624. 

Crystals, 499. 

Crystalloid, 663. 

Cubic colls, 474. 

Culm, 33. 

Cuueate, 53. 

Cup-sliapcd, 101. 

Cupulo, 145. 

Curved embryo, 1.63. 
Cnrviiiervcd, 52. 

Cusenta, 21. 

Cuspidate, .65. 

Cuticle, oil. 

Cuttings, .627,683. 

Cycle, 41. 

Cylindrical, 101. 

-cells, 473. 

Cyme, 39, 79. 
Cynavrbodum, 142. 
Cypsebi, 145. 

Cystolillies, 499. 
Cytobbist, 491, 

Hark, plants grown in the, 
572. 

Darwin’s hypothesis, 102. 
Death of puinis, 549. 
^DcCiindolle’s Sy8tem,193. 
Deciduous, 83. 

-calyx, 102. 

-corolla, 108. 

-leaves, 61. 

Deelinato stamens, 118. 
Decomposition of carbonic 
a<'id, 572. 

Dccomppimd, 58, 00. 
Decumbent, 38. 
De(!urrent. 49. 

Decurvent leav^, 55. 
Decussate, 45. 
Di’doublcment, 89. 
Definite inflorescence, 75. 
-vascular bundles, 

r>os. 

Definition of plants, 643, 
Dellcxcd, 39. 

Defoliation, .621, .629. 
Debisceueeofanther8,117. 

-of fruits, 133. 

Deltoid, 53. 

Dentate, 50. 

Deposits, .secondary, 479. 

-, siliceous, 487. 

-, tertiary, 485. 
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Derirative hypothesis, 
161. 

Descent of sap, 570. 
Description of plants,170. 
Development, 575. 

-, laws of, 54.5. 

—— of colls, 531. 

-of floral organs, .541. 

— of lciif-org.ms. 540. 

-of ovules, 541, 010. 

-of roots. 530. 

-of stamens, 541. 

-of stem, .53.S. 

-of .stomata, 5.30. 

-of ve.ssols, ,537. • 

-, progressive, S3. 

-, simultaneous, 541. 

——, successive, 741. 
Dextrine, 4S5, 4tX). 
Dextrorse, 100. 
Diadelphous, 110. 
Diagnoses of plants, 170. 
Diagnostic tables, 170. 
Dialysepalous, 100. 
Diandrous, 117. 
Diatomaccic.rcproduction 
of, 5‘I0. 

Dichlaniydeous, 90. 
Dichogamons, til5. 
Diolcsiiim, 141. 

Diclinous. 90, 112. 015. 
Dicotyledones, 10, 14. 

-, roots of, 520. 

-, stems of, .519. 

Didynamous, 118. 
Diffusion, centres of, 0.37. 

-of fluids, 562, 504. 

Digitivte, 00. 

Dilated filament, 114. 
Dimcrouk flowers, 87. 
Dimidiate anther, 116. 
Dimorphism, 615. 
Ditecious, 90. 

Diplotcgia, 146. 
Direction of seeds, 148. 
Discoidtflorcts, 79. 

Disk, 79, 97. 

Dissected leaves, 68. 
Dissepiments, 124. 
Distichous, 41. 

Distinct, t)3. 

Distribution, geological 
causes of, 0.39. 
Divaricate, 39. 

Divergent sepals, 101. 


Diverticula, 611. 

Division of cells, 475. 
Dodder, 21. 

Dorsum of anther, 114. 
Dots of cell-mombrano, 
479. 

Dotted duets, .504, 
Doubly dentate, .56. 
Doubly serr.ate, .50. 
Dracivna, stem of, 518. 
Drupe, 141. 

Ducts dotted or pitted, 
.504. 

Dumes, 34, .39. 

Duramen, 522. 

Duration of calyx, 102. 

—— of leaves, 01. 

-of plants, ,547. 

Klaboration of focal, 571. 
Klastieity of ti.ssu.’8, t'>20. 
Dlaters of Euuisetuin, 
415. 

-of Liverworts, 425. 

Elementaj-y organs, 409. 
Elements, cliemicixl,,558. 
Elliptical. ,53. . 

Eiuiirginate, ,55,115. 
Embryo, 15, 131, 148, 
151. 

-ofCryptogamia, 597. 

Embrvo-cclls, formation 
of, 508. 

Embryo-.sac, 131, 001. 

-, segodary, 008. 

Enibry4|piy of Angio- 
spermua, Oltt. 

- of Gymnospermia, 

008. 

Emcrgcnco, 94. 

Enation, 88. 

Endlichcr’s System, 192. 
Endocarp, 133. 
Bndopleura, 149. 
Endosmose, 503. 
Endo.sixcrm, 1.50, 151. 
Endospcrm-cells, forma¬ 
tion of, .537. 
Endostome, 130. • 

Endothecium, 530. 
Ensiform, 63. 

Entire leaves, 61, 5.5. 

-sepals, 100. 

Epioalyx, 98. 

Epicarp, 133. 


Epidermis, 508. 

-, deveIopmentof,527. 

-, pitted, 485. 

Epigone, 424. 

Epigynous, 95. 
Epijxbytos, 20. 
Equisctaeeic, morphology 
of, 41.5. 

-, reproduction of, 

.581. 

-, stems of 516» 

Equitant, 71. 

Erect, 37. 

-ovule, 129. 

Essential characters, 176. 

-oils, 4‘.)8. 

-organs, 90. ^ 

-offlower.s,112. 

Eticrio, 141. 

Etiolation of plants. 572. 
Evaporation of fluids,566. 
Evergreen leaves, 61. 

-plants, 548. 

Evolution of carbonic 
acid, 572. 

--of heat, 622. 

-of nitrogen, 572. 

——- of oxygen, 571. 
Exalbuminous, 150. 
Eieentric embryo, 153. 
Exci'esecut, 83. 

Excretion of air, .576. 

-of water, 576. 

E.xendospcrmous, 151. 
Exostome, 1,30. 

Exserted, 118. 
Exstipulatc, 48. 
Extra-axillary, 82. 
Extrorso, 119. 

Face of anther, 114. 

Fall of the leaf, ,529. 
Families of colls, .590. 
Fari naceousendosperm or 
albumen, 151. 
Fasciation, 82. 
Fasciculate leaves, 44. 

-roots, 19. 

Fasciculus, 80. 

Faux, 101. 

Favell®, 433,694. 

Felted tissue, 502. 

Female flowers, 90. 
Fenestrate, 144. 
Fermentation, 674. 
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b ems.ni orplioloRy of,41 (5. 

-re])ri)(luc-t ioiiof.-'^iSl. 

-, stems of, 510. 

Fertile (lowors, !)(). 
Fertiliziitioii, plic'iioniena 
of, 014. 

■-, cross, 61.5. 

—, self-, 014. 
Ferfilizalion of ovules, 
007, OIW, 01;{. 

Fibre" priiNitivc, 479. 

--, woo(l3', 501. 

Fibrillic, 19. 

Fibrils of roots, .527. 
Fibrose, 4.S7. 

Fibroii.s cells, 48.5. 
FibFt)us bivcr of Mono¬ 
cot vlcOmis, .517. 
Fibrous roots, 19. 

I'^ibro-i iiscular buncllcs, 
.5(M1. 

-system, .500. 

Fiiuiiient, 110. 

Filiform, 110. 

— cells, 470. 

Filiform sediments, 5.8. 
I^issi parous rej>rotluetlon, 
590. 

Fislular stems, ,07. 

Fixed oils, 497. 

FIe\,u>ua, 07. 

Floating;, 08, 61. 

Floccose, 62. 

Floral envelopes, 98. 

-orfjana. structure of, 

529. 

Florets, 7.8, 100. 

Flower. 8.0. 

Flower-bud, 72. 

Flowers, ’ doubling” of, 
158. 

-, essential organs of, 

112 . 

-, parts of. .85. 

Fluids, dltfusion of, .504. 

-. evaporation of, 506. 

Fluitans, 08. 

Folded embryo. 152. 
Foliaecous cotyledons, 
1.52. 

—— - peduncle, 82. 
Foliola, fl8. 

Follicle, 141. 

Food, elaborat ion of, 571. 
-of planls, 558. 


Foramen, 129. 

F'orces, physiological, 
542. 

Form of cells, 472. 
Formations, florasof,072. 
Fossil flora.s, fl72. 

-plants, 670. 

Fossils, kinds of, 070. 
F>ee, 95. 

Free-eeti formation, 591, 
594. 

-central placenta, 125. 

-fruits, 137. 

-stipules. 49. 

Fruits, characters of, 1.91. 

-, classification of,137. 

-, dobise('nce of, 199. 

-luonothalamic, 198. 

-polvtbalamie, 140. 

F’rutex, .•'«». 

Friiticidus, 39. 

F'ucaccic, reproduction of, 
589. 

Fungi, 443, .589. 

-, morphology of, 413. 

-r reproduction of, 

.5.S!). • 

Funb’ulus, 129, 148. 
Furfnraceous, 02. 
Furrowed, 38. 

Ifusit'orm cells, -173. 

-root, 18. 

Galbulus, 148. 
tlaleate, 106. 
"(lamosepalous. 93, 100. 
Gelatinous coal of cells, 

479. 

Geminate. 40. 

Oernnue, 581. 
fiemmation, 55.3. 

Genera, names of, 100, 
10.5. 

-, nature of, 1.59, 101. 

Generation, sponfeineous, 

544. 

Generic cliavaetcr, 176. 
Ginius, nature of, 1.59, 
177. ♦ 

Geographical botany, 042. 
Geological botany, 070. 
-intiuences on distri¬ 
bution, 0.‘i9. 

Geology, bohinical, 670. 
Germ-cell, 690. 


Germinal corpuscles, 608, 
Oil. 

Germination, 621. 
Gibbous, 102. 

-))clals, 104. 

'Olabrescent, 02. 

Glabrous, .39, 62. 

Glands, 02, 00, 61.3. 
Glandular filaments, 114. 
Glan.s, 145. 

Glcba, 449. 

Globose cyme, 80. 

Globide of ClharacciB, 590. 

Glomerulus, 80. 

Glume, 110. 

Glumella, 110. 

Glutinous, 02. 

Gonidia. 154. 

Oonophore, 97. 

Grafting, 585. 

Granulose, 495. 

Growing points, 638. 
Growth of Dicotyledons, 
523. 

Gum, 497. 

-, exudation of, 070. 

Gutta pereba. .578. 
Gyinnospermia, 10, 15. 

•--, carpels of, 128. 

-, enibryogeny of,008. 

-, ovules of, 008. 

-, ])cillen of, 000. 

-, stamens of, 117. 

Gymnospor.T, 10. 
Gynajcium, 11.3. 
Gynandrous, 9.5, 119. 
Gvnandfopboro, 97. 
Gynobasic, 120. 
Gynopbore, 97.# 

Habit of plants, 547. 
Habitat, 180. 

Hairs, .510. 

Ifalf-pquitant, 71. 
Hastate, .5.3. 

Haulm, ;14. 

Heart-wood, .523, 

Heat of plants, 022. 
irep.alieie, morphology of, 
425. 

-, reproduetionof,580, 

.597. 

Herbaceous stems, 32. 
llerbariura, 4. 
Hesperidium, 145. 
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Ileterogenv, '>45. 

Hetorosh-Ua. (!1(>. 
Heterotropous, UlO. 

Hilum, 1». 
lliraiito, .'Ml, t>2. 

Hispid, (ili. 

Hooked embryo, \5'd. 
Hor'aontai ovn\o, 

Homy endosperm or nl- 
biimeu, l.ll. 

Humifnsus, .‘!8. 

IlUinus, ,'i(30. 
Hybridiziition. 017, CIS. 
Hybrids, I.")',!, Kill. 

-from grafting, o84, 

.587,021. 

— —, names of, 100. 
Hydropliyta, 10. 
Hypocotylcdonary axis, 

IIypocr.ateriforin, 105. 
Hypogynous. 04. 

-scales. 111. 

Ilystcrophyta, 10,440. 

Imbibition, 020. 
Imbricate buds, 70. 

-jcstiTation, IM). 

-r — learcs, 44. 
IrabricativciestiTation.OO. 
Imparipinnatc, 50. 
Imperfect flowera, 00.112. 
Impressions of plant3,G70. 
Inarching, .585. 

Incised, 50. 

Included, 118. 
Incomplete, 00, 'fl2. 
Incumbent eolyhxlons, 

Indefinite bulbs, 27. 

-inflorescence, 74. 

Induplicate, 71. 
Indusimn, 410. 

Inferior, 0.5. 

-frjits, 107. 

-ovary, 122. 

Inflated, 1(12. 

-petioles, 0.3. 

Inflorescence, 24,72. 

-, extra-axillary, 82. 

infrutescenen, 147. 
Infundibuliform, 101,10.5. 
Innate anther, 114. 
Insertion, 40. 

-of floral organs, 45. 


Integuments of ovule, 120. 
IntcBumentum externum, 

-internum. 120. 

Intercellular passagi'S, 

51'2. 

Internal anatomy, 515. 
Intcrnodes. 'i'd. 
Interpctiolar stipules, 50. 
Interruptedly piunate,.50. 
lutrapetiolar stipules, .50. 
Introrse, 110. 

Inulino, 400. 

Involuccl, 74. 

-(Jtmgprmanniaceie), 

424. 

Involucre, 74. 

-(.lungermanniaccic), 

424. 

Involute, 72. 

Iodine test forstarch,405. 
Irregular calyx, 101. 

-coi'olla. 10.5. 

-perianth, 108. 

Irregularity, K8, 05,104. 
Irritability, 1)20. 
Isomerous, 01. 

Isostemonous, 117. 

•Tointed, 38. 

Juga, .50. 

Jussicuan System, 100. 
Keel, 105. 

Kingdom, Vegetable. 104. 
Knots of llicotyledons, 
523. 

Labellura, 100. 

Labiate, 107. 

Laciniatc, 57. 

Lacumr, 512. 

TiUivis, 30. 

Lamina. 40. 

-of leaf, 51. 

■-of pctid, 103. 

I.'inate, 30, 02. 
Ijancoolate, 53. 

Ijuteral embryo, 153. 

-style, 127i’ 

Latex, 57.8. 

Laticiferous canals, 614. 
Lattice-nerved, .52. 

Laws of development, 
64.5. 

Layers, 583. 


Laying, 583. 

Leaf, 30. 

-. fall of. 520. 

I*'af-bud, Oti. 

Leaflets, 51, .58. 
Ijoaf-regioii, 24, 31. 

-scale-region, '23,25. 

-sbeatb, 48. 

-sUilk, 4f). 

Leaves, absorption by, 
.504. e 

-, arrangement of, .30. 

-, development of, 

.540. 

-, forms of, .52. 

-, modifleationsof, 02. 

-, structure of, 528. 

—veins of, 520. 
Legume, 141. 

Lepidotus, (>2. 

Liber, i501, 523. 
Liber-cells, 501. 
Liber-region, .500, .520. 
Lichens, morphology of, 
441. 

-, reproduction of, 

580. 

Life of jdanls, 408, .542. 
Light, action of, 571. 

-, influence of, 571. 

Ligulate corollas, 10,5. 
Ligulo, .50. 

Liliaceous corolla, 104. 
Limb of calyx, 101. 

--of corolla, 10,5. 

'■— of pchd, 10.'!. 
Lindlcy’s System, 193. 
Linear, .5,'!. 
Lincar-lanecolate, .54. 
Linnicau System, 182. 
Lirelhe, 442. 

Liverworts, hiorphology 
of, 42.5. 

-, reproduction of, 

597. 

Lobed leaves, 60. 

Lobes, 01. 

-of anther, 114, 110. 

-of calyx, 101. 

Loculi of anthers, 110. 

-of ovaries, 123. 

I/)eulicidal, 1.3.5. 

Locusla, spikelet of a 
grass. 111). 

Lodicu!®, 111. 
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Tjornontum, 141. 

Luininofiit y of plants, 024. 
Lyoopodiiioeji*, morpho- 
lojry of. 5M7. 

-, roprodnction of, 

0<»2. 

-sterna of, 015, 

lijruto, 57. 

Mnee. 1.50. 

ifiiKnitudc^f eolls, 470. 
]\fale Oowijrs, 00. 
Malpighiacete, istonis of, 
521. 

Mangroves, 20, 
Manw»scenl. calyx, 
Maiy^ins of l(‘aves, 55. 
Marine plants, 501. 

Marsi l(‘acoa*, i norphology 
of, 411, 

-, roprocluction of, 

002 . 

Mealy endosperm, or al- 
bnmen, 1.51. 

Medulla, 52.4. 

IVfodullary rays. .520, 523. 

-slu'utli. .520. 

Megaspores, 002. 
Membrane, cell-, 477. 
Aloinbrano of*eeUs, eom- 
positt(m of, 487. 

-, poro-»ity of, 477. 

Membranous, 01. 
Merenchyina, 5(X1. 
Meriearps, 13.5. 
Mesoearp, 133. 
!Mes(ithecium, 5*10. 
Metamorphosed leaves, 
02 . 

Metamorphosis. 88. 
Methods of study, 3. 
Metis, 018. • 
Mierogonidia. .501. 
Mievopyle, 120, 140. 
Microscope, 5. 
Microsporefl, 002. 
Midrib, 51. 

Milk-T©ssels, 514. 

Milky juices, 578. 
Mineral products, 578. 
Mistletoe, 21. 

MolcculoA 478. 
Moniulelphous, 04, 410. 
Monandrou.s, 117. 
Moniliform, 114. 


Moniliform ducts, 502. 
Monocarpic, .547. 
Monochlamydeous, 00. 
Monocotyledones, 10,14. 

-, roots of, 524. 

-, stems of, 510. 

Monoclinous, 015. 
Monocc\o\is, 00. 
Monopet-ilons, 03, 103. 

-corolla, i05. 

Monopliyllous, 108. 
Monosopalous, 03, 101. 

-calyx, 101. 

Monothalainic, 137. 
Monstrous carpels, 121. 
Morphology of Ci^ptoga- 
mia, 1.53. 

-of I*hanerogamia, 

11 . 

Mosses, morphology of, 
420. 

-, reproduction of, 

.580, 507. 

-, stems of, 51.5. 

Movements of plants, 624, 
02i». 

-of ];>rotoplasm, .551. 

— -- of spermatozoids, 
553. 

-of tendrils, 0*10. 

-o(* zoospores, .552. 

IVIucilaginotis endos))erm 
or albumen, 151. 
Mucronate, 55. 

Mules. 018. 

Multijugate, 50. 
MuUilocular ovary, 123. 
Multiple fruits, 1.37. 

— — pistils, 142. 
Multiplication, 8<8, .570, 
IMuriform i>arenchyma, 

Mjcelimii, 444. 

Naked buds, 00. 

-flower, 0th 

Napiforin root, 18. 
Natant. 01. 

Nafural clf|ssifieation,18C. 
—— fiiinilies, 100. 
Navicular, 104. 

Nectary, 104. 

Nectaries, 108. 

Nervature of leaves, 51. 
Nerves, 51. 


Neuter flowers, 90. 
Nitrogen, sources of, 561, 
573. 

Nodding, 37. 

Nodes. 22, 39. 

Nodose, .‘18. 

Nomenclature, 1C3, 164. 
Nucleolus, 401. 

Nucleus of cells, 491. 

-of ovule, 120. 

Kuculaninui, 144. 

Nuculo of CharaceSD, 690. 
Nucules, 141. 

Nutans, 38. 

Nutrition of cells, 5.54. 
Nymphteacea*, stejii of, 
521. 

Obeordale, 53. 

Obli(iue, 54. 

Obli(iuity, 97. 

Obovato. 53. 

Obt.iise, .5.5. 

Obvohitc, 71. 

Ocrea, 50. 

Otfsets, 33. 

Oils, essential, 408. 

-, flx<nl, 407. 

5 -, volatile, 577. 

Oily endosperm or albu¬ 
men, 1.51. 

Opereidar dehisccneo of 
anthers, 117. 
OpeiNudum of Mosses,421. 
Opi)osite, 40. 

Orbicular, 53. 

Orchids,^oots of, 511. 
Orders, Liiunran. 184. 

-, names of, JOO. 

Organic acids, 5/3. 

—— structure, 544. 
Organizing foi*ce, 542. 
Organs, 468. 

_, development ()f..540. 

-^ olcinentary. 460. 

-—, essential, tkf. 

_, internal anatomyof, 

515. 

Organs of Flowering 
plants, 11. • 

Orobauehaeea?, 21. 
Orthotropous, 130. 
Osmose, 6(52. 

Ovaiy, 120. 

Ovate, 53. 
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Ovate-lanceolat®. 54. 
Overhanging, oS. 

Ovule, 120. 

-, characters of, 128. 

—r—, devcloinncnt of,541. 

-, of Augiosporms, 

010 . 

-, of Gymnosperms, 

008. 

-of Phancrogamia, 

607. 

Oxygen, evolution of, 571. 
Ozone, action of, 501. 

Palate. 107. 

Pales, 74. 110. 

-of capitula, 78. 

Palmate, lit). 

Palmitid, 57. 
Palminerved, 52. 
Palmipartite, 57. 
Palmipinnate, 01. 
Palmisect, 57. 

Panicle, 70. 

Paper, botanical, 4. 
Papilionaceous corolla, 
105. 

Pappus, 102. 

Paracel lulose, 487. 
Parallel-nerved, 51. 
Parenchynm, .5(X). 
Parietal placenta.s, 124. 
Paripinuate, 50. 

Partial petiole, 48. 58. 
Passiigos, intercellular, 
512. 

Patelltc, 442. •. 

Patent, 00. 

Pedate, 00. 

Pedatifid', .57. 
Pedatipartite, 57. 
Pediitisect, 57. 

Pedicel, 75. 

Peduncle, 73. 

-, foliaccous, 82. 

Peltie,'442. 

Peltate, 55, 

-anthers, 117. 

-stigma, 127. 

Pcndent„38. 

Pendulous, 30. 

-ovule, 120. 

Penicillate stigmas, 127. 
Penninerved, 52. 
Pentadfclphous, 119. 


Pentamerous flowers, 87. 
Pentastichous, 41. 

Pepo, 147. 

Perennial plants, 547. 

-stems, 33. 

Perfect flowers, 90, 112. 
Perfoliate, 55. 

Perforated cells, 482. 
Perianth, 08. 

-, characters of, 108. 

-of Grasses, 110. 

-ofJ ungermaimiaccic, 

424. 

Pericarp, 133. 

Pericha.‘tial leaves, 421, 
424. 

Periehicfium, 424. 
Periderm, 524. 

Peridium, 416. 

Peri gone, 98. 

-(J ungermanuiacoic), 

424. 

Perigonial leaves, 424. 
Perigynium, 112. 
Porigynou.s. tU. 05. 
Periodicity in plants, 547. 
Periplierieal embryo, 153. 
Perisperm, 151. 
Peristome, 421. 

Peril heeia, 442. 445. 
Persistent, S3, 108. 

-calyx, 102. 

-corolla, 108. 

Personate, 107. 

Petals, 10.3. 

-strap-liho, 104. 

Pelaloid, 104. 

-filament, 114. 

-perianth, lOS. 

Petiole, 4(;, 48, 148. 

-, structure of, .520. 

Petiolule, .58. 

Petrified plants, 670. 
Phamu'ogamia, 10. 

-.reprmliicUon of,604. 

Phyllarie.s, 74.' 
Phyllocyaninn, 403. 
I'hyllod'es, 47, 48. 
Phyllodia. 62. , . 
Phyllotaxy, 40.' 

-of flowers, 86. 

Phylloxantliiiic, 49.3. 
Physiological forces, .542. 
—— processes, 550. 
Physiology, 468. 


Pileorhiza, .525. 

Pilose, 30, 02. 

Pinnaj, <68, 61. 

Pinnate, 58. 

Pinnatifid, 56. 
Pinnatipartite, .50. 
Pinnatisect, .5t). 

Pinmdes, 61. 
Pistilliferous, 90. 

Pistils, characters of, 120. 

-, structure of, 5550. 

Pitehcr-])lants, 03. 
Pitchers, 03. 

Pith of llicotyletlons, 520, 
52.3. 

Pits of cell-membrane, 
470. 

Pitted cells, 4.80. 

-duets, .504. 

-epidermal cells, 485. 

Placenta, 121, 124. 
I'lacentoids, .5.30. 

Plaited a-stivalion, 00. 
Plants.description of.l 70. 

-. distribution of, 63 

-, food of. .55,8. 

-, fossil, 670. 

-, life of, 4(i8, 

-, skeleton of, 487. 

Plicate, 71.« 

Plicate .estivation. 90. 
Plumule. 1.5, 66, 122,152. 
Podosperm. 120. 
Pollarding, .581. 

Pollen, 11.3, 114,110.60.5. 

-of Gymnnspermia, 

60(!. 

Pollen-masses, 110, 605. 
Polleii-tube.s. 607, 612. 
J’ollinia, 120, 60.5. 
Polyadelphous, 110. 
Polyandrous, 117. 
I’olyeot yledonoiis, 1.52. 
Polygamous, 00. 
Polygonal cells, 474. 
Polypctalous, 03, 10,3. 

-corollas, 104. 

Polyphyllous, 108. 
Polysepalous, 03, 100. 

-calyx, 100. 

Polytliahmic, 137. 
Pomum, 147. 

Pores, 136. 

Porosity of membrane, 
477. 
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Porous cells, 480. 

- deliisceiico of an- 

tticLs, 117, 134.’ 

• - -of fruit, 1.84. 

Poslvonlitious bulbs, 27. 
Prii'lloralion, 98. 
Prud'oliation, 70. 
Pnrvciititious bulbs, 27. 
Primary niembraiic, 477. 
Primino, liiO, 1.70,011. 
Primitive §bro, 479. 
Primordial ulviclc, 489. 
Prismatic cells, 474. 

-pamuliyma. .')(K). 

Processes, physiological, 
.5;>0. 

Prueiimlx-iit, 08. 
Progressive va.scular bun¬ 
dles, .708. 

Propagation, .782. 
Prosemliyma, 700, .701. 
Prostrate, 98, 
Protandrous, 017. 
Proteinaceous mattcr.s, 

577. 

Prolballium, 000. 
I’rothallus, 410, 792. 
Protogvnous, 01.7. 
Protoncma, OtK). 
Protoplasm, 489. 

-, movements of, ool. 

Prninosc, 02. 

Pubescent, 02. 

Pulvinus, 49. 

Put amen, 199. 

Pyxis, 149. 

Quad rill icular anther, 110, 
Quaternary, flower.s, 87. 
(Jmnary H'ower.s, 87. 
Quinate, 00. 

Quineuneiat, 41. 

-iBstivation, 09. 

Rjiceme, 70. 

Eaws, nature of, 179. 
Ihmhis, 110. 

Kadiant florets, 79. 
Hadiale, 127. 

Radical leaves, 47. 
Radicle, 17,10, loll* 
Radix iRullieops, 99. 
Ramal leaves, 40. 
Raniilleation, 07. 
Eamosissunus, 99. 


Raphe, 1.90. 

Raphides, 499. 

Ray, 79. 

Rays, medullary,.720, .723. 
Receptacle of flowers, 94, 
90. 

-, anatomy of, 530. 

-, common, 78. 

-(Pucaeoie), 108. 

-(Puiigit, 171- 

Receptacular tube, 95, 
101 . 

Reclinate, 71. 
Ih'duplieatc, 99. 

Rcilexed perianth, 108. 

-sepals, lOl. 

Regions of altitude, 0-15. 
Regina, 1-19. 

Regular calyx, 101. 

-corolla, 104. 

-flower, 8.8. 

Reniform, 79. 

Repand. .70. 

Repens, 98. 

Replum, 127. 


Reptesentativc species, 

097. • 

Reproduction, sexual, 

.787. 

-, vegetative, .779. 

--of Algiv, 7.89.^ 

-- Angiospora', 79.). 

-Cont'ervoideiv, 791. 

-l)iatomacea‘, .790. 

-Kipiisetacea', .781. 

-Ferns, 781. 

-Fucacea'. .’iiSO. 

-Fungi, .789. 

--llcpatiea', o80, 79t. 

-1-ieliens, .7.89. 

-JIarsileaeea',_002. 

__— Mosses, 780, o97. 

_Phanerogamia, 581, 

004. 

-Sporogamia, 002. 

__Tlndlogamia, 000. 

-Thallophyta, 589. 

Reservoirs for secretions, 

•514. • . 

Rosins, si'crelion of, txj. 
Restiiration of plants, 573. 
Resting-spore, 540, -799. 
Resiipinatc ovule (of 
Plumbaginacca;), 129. 
Reticulated cells, 484. 


Reticulated vessels, 604. 
Retinaculum, 120. 
Retroserrate, 50. 

Rctuse, 5.7. 

Reversion, 020. 

Revolute, .70, 72. 

Rhizome, 21, 25, 30. 
Rhizotaxy (arrangement 
of roots), 17, 
Rhomboidal, 53. 

Ribs, 51,729. 

Ribbed, 38. 

Rind of Monoeotyledous, 
518. 

Ringent, 107. 

Ringing of stems, 570. 
Roots, 10. 

-, adventitioas, 18. 

-, aerial, 19. 

——, axial, 17. 

-, buds on, 21. 

-, development of, 

.799. 

-, direction of, 539. 

-, fibrils of, 19. 

-, selecting power of, 

.709. 

-, structure of, .724. 

,-, tuberous, 17, .727. 

Root-stock, 21, 2.7, 30. 
Rosjieeous corolla, 104. 
Rosidate, 41. 

Rotate corolla, 105. 
Rotation of cell-sa(), .751. 
Ruminated endosperm or 
albumen, 1.71. 
Runein*te, ,77. 

Runners, 33. 


Sace.atc, 102. 

—•— petals, 104. 
Sagittate, .73. 

Samara, 143. 

Sap, ascent of, .705. 

-, crude, .705. 

-, descent ol? 569. 

_, elaborated, 609,570. 

Sap-wood, 523. 
Sapiiidace;e. stems of,521. 
SarcoCitrp, 133, 

Scabrous, 02. 

Scalariform cells, 484. 

.—.— vessels, 504. 

Scales, 70, .710. 

_of corollas,*107. 
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Scaly, C2. 

-bulb, 26. 

Seanclens, 68. 

Scape, 73. 

Scattered, 40. 

SeUizoearp, 13.5. 

Scorpioid cyme, 80. 
Serew-l’iiies, 21. 

Scurfy, 62. 

Scutellie, 442. 

Secondary laycra, 479. 

-.“ipiral, 42. 

Secretion, oTu. 

Secretions, ctinals for, .514., 

-, reservoirs for, .5li. 

Secretory system, 513. 
Seenndine, 130, 1.50, (ill. 
Seeds, cliaractcrs of, 148. 

-, vitality of, 540. 

Segments, 01. 

Selecting power of roots, 
503. 

Sensitive plants, 628. 
Sepaloid perianth, 109. 
Sepals, 100. 

Septa of cells, 475. 
Septenate, 00. 

Septicidal, 135. 
Septifragal, 134. 

Septum of anthers, 116. 

-of fruits, 132. 

Sericeous', 02. 

Serrate, .50. 

Sessile, 47, 54. 

-flower, 73. 

-leaves, 47. 

-stamen, 11.5. 

-stigma, 120, 126. 

Seta of ilu.s,scs Ac., 420. 
Sehe, 02. 

Setose, 39, 62. 

Sexual reproduction, 587. 
Silica, excretioti of, 578. 
Siliceous deposits, 487. 
Silicula, 144. 
Si]iqua,*144. 

Simple fruits, 140. 

— leaf, 51. 

-pistils, 122. 

Simultaneous vascular 
bundles, 507.’ 
Sinistrorso, 100. 

Sinuate, 57. 

Sinus, 101. • 

Size of Sells, 476. 


Skeleton of plants, 487. 
Sleep of plants, 026. 
Slips, 583. 

Solitary flowers, 73. 

Sori ol Algic, 431. 

—— of h'erns, 410. 
Sorosis, 147. 

Spadix, 70. 

Spathc, 74. 

Spathulale, 53, 5.5. 
Speeialrecoptacle(Fungi), 
171. 


Species, names of, 1.59, 
104,100. 

-, nature of, 150. 

-, origin of, 101. 

-, representative, 037. 

Specific character, 177. 
Siieetrum, rays of, ,571. 
Spermatia, 43.'5, 589. 
Spermatozoids, 5.53. 

-of Algre, 431. 

Sperm-cells, 000. 
Spermocarpiu, 10. 
Spermogonia, 442. 
Sphaleroearjntm, 141. 
Spheroidal colls,.472. 
Spike, 7t). 

Spikeiet, 70, 110. 

Spines, 02, 05, 510. 

-(leaf), 55. 

Spinose-serrate, 50. 
SpinoMts, 39. 

Spinous, 02. 

Spiral embryo, 1.52. 

--fibrous cells, 483. 

—■— growth, 029. 

-(imves), 41. " 

- structure of mem¬ 
brane, 477. 

-vessels, 502. 

Sjiongioles, 527. 
Spontaneous generation, 
544. 


Sj)or(mges, 154,410. 
Spores, 1.54. 

-, resting, .593. 

-, vitality of, 540. 

Spore-frui's. 410. 
Spore-sacs of zUgae, 431. 
Sporocarpia, 10. 
S))orocarps, 411. 
Sl>oroganiia, 10, 602. 
Sports, 020. 

Spur, 102. 


Sp^iirious dissepiments. 

Spurred petals, 104. 
Stalked scales, 02. 
Stamens, charaoters of, 
113. 

-, compound, 114,119, 

641. 

-of Gymnosperuiia, 

117. 

Staminiferonf\ 90.' 

Stam inode, 113. 

Standard, 105. 

Starch, 48.5, 570. 
Starch-granules, 494. 

-, test for, 495. 

Statistics of vcgetatitti, 
tl(i7. 

Stellate cells, 474. 

Stems, 21. 

-, anatomy of, 515. 

-, development of, 

538. 

Sterile flowers, 90. 
Stiehidiuni, 431. 

Stigma, 120. 

Stigmas, characlors of, 

120 . 

Stigmata bieruria, 127. 
Stigmatie surface, 121. 
Stings, 02, 513. 

Btipels, .50. 

Slipilate, 97. 

Sliimles, 40, 48, 49,51. 
Stipulate, 48. 

Slock, 35. 

Stomata, 508. 

-, developmentof,.537. 

Straight em bryo, 152. 
Striate, 39. 

Strictu.s, .37. 

Strobile, 76. 

Strobilus, 148. 

Stroma, 445. 

Strophiolcs, 1.50. 
Structure of flowers, 86. 

-of leaves, ,528. 

-of petioles, ,529. 

-of plants, 468. 

-of roots, 524. 

-of stems, 615. 

Style, 120. . 

-, olmracters of, 126. 

-, structure of, 530. 

Stylospores, 446. 
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Suberous layer, 520, 524. 
Submerged loaves. Cl, 
529. 


Suborders, 170. 
Subrolund, 53. 
Substitulion, 97. 
Subulate, 03, 114. 
Succulent, Cl. 

Sugar, 485, 497. 

-, secretion of, 570. 

Syparior, 95. 

-fruits, 137. 

-ovary, 12.‘>. 

Suppression, 88, 90, 91. 
Siipradeeompositc, .58. 
Surl'aces of leaves, 51, Cl, 
Suspended ovule, 129. 
Suspensor, 008. 

Sutural dehiscence, 117, 
131. 


Sutures of anther, 114. 

-, dorsal, 121. 

-, ventral, 121, 

Syconns, 117. 
Symmetrical flower, 88. 
aj^carinum, 142. 
Syncarpous fruits, 137. 

-pistil, 122. 

Syngenesions, ill, 119. 
Synonyms, 107. 

System, aerial, 512. 

-^ cellular, 505. 

-, cortical, 508. 

-, fibro-vascular, 50t). 

——, secretory', .ol.’!. 
Systematic botany, 15.5. 
System of Uentham and 
lloolicr, 194. 

-of He Candolle, 192. 

—— of Kndlieher, 192. 

-of .lussieu. 190. 

-of Lindley, 193. 

-of Linn.a'us, 182. 

Systems, artilicial. 181. 

-, natural, 180. 

-of olassilication, 181. 


Tabular cells, 472. ^ 

.—^— parenchyma, 500. 
Tannin, .579. 

Tap-root, 17. 

Teetli of^lys, 101. 
Tegmen, 129, 149. 
Tegmenta, 09; 

Tola contexta, 502. 


Temperature of plants, 

022 . 

Tendrils, 03. 

Teratology, 83. 

Terete, 38. 

Terminal buds, 22, 00. 

-inflorescence, 72. 

Ternary compounds, 573. 

-flowers, 87. 

Ternate, OO,' 
Ternato-pituiate, 00. . 

Tertiary layers, 485. 
Testa, 130, 149. 

Te.st s, 494. 
Telradyuamous, 118. 
Q’etramerous flowers, 87. 
3'elraspores, 580, .589. 
Texture of leaves, 01. 
Tb.'damifloral, 95. 
Tbalamus, 8.5, tl7,530. 
Thallogamia. 10,414. 

- , reproductio7i of,000. 

Thallopliyla, 21, 1.54. 

-, morphology of, 

427. 

-^.reproduction of, 

589. 

Tlmllus, *1.54,427. 

Theca', 154. 

Thorns, 05, 510. 

Throat of calyx, 101. 

-of corolla, 105. 

Thyrsc, 77. 

Tigellum (hy]TOCotylodo- 
nary axis). 22. 

Tiss\ie, eonducting, 530. 

-, felted, 502. 

-, kitids of, 499. 

-, vascular, 471, 502. 

Tomento.se, 02. 

Torus, 97, 112. 
Transpiration, 500. 

Ti ansport of plants, 035. 
Triadelphous, 119. 
'J'riandrous, 117. 
Ti'iangidar, 38, 53. 
Tribes, 170. 

Trichogyne, 4.33,590,593. 
Tuigonoiu, 38. 

Trimerous flowers, 87. 
Trimorphism, 015, 
Tripinnatc, 00. 
TripinnatiUd, .58. 
Tripinnatisect, 58. 
Triple-nerved, 52. 


Triquetrous, 38. 
Tristichous, 40. 

Trunk, 34. 

Tryma, 145. 

Tube of calyx, 97,101. 

-: of corolla, 10.5. 

-, receptaoular, 95. 

Tubers, .stem-, 29. 
Tuberous roots, 17, 527. 
Tubular, 101, 10.5. 
Timioitcd bulb, 20. 
Turbinate, 101. 

Turio, .33. 

Twining, 38. 

Typical flower, 88. 

Umbel, 77. 

L'lubcllule, 77. 

Umbilical cord, 129. 
Undulated, .50. 

Unguis, lli.3. 

Uni.jugate, 59. 

Uniloeular anther, 110. 
-ovary, 12!{. 

Unisexual, 90, 112. 
Urceolate, 101. 

Utricles, 03. 

-, primordial, 489. 

Utrieulus, 112, 141. 

* -of Oarex, 112. 

Uva, 145. 

Vagina, 40, 4!*. 

Vaginulo of Mos.ses, 421, 
.599. 

Valvatc, 70. 

-a'Byvatiou, 99. 

Valves of fruits, 134. 
Valvular (suturid) de¬ 
hiscence of atdher, 117. 

-of fruits, 134. 

Varieties, 158. 

-, names of, 108, 

-, nature of, 157. 

Vasa propria, .502, 005. 
Vascular tissue, 500, 502. 
Vasculoso, 487. 

Vegetable, deflnition of, 
542. 

-Kingdom, 10. 

--- 1 , systSmatie 

view of, 194. 
Vegetation, chemistry of, 
6.58: 

-, physiology »f, 551. 
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Vegetation,' statistics of, 
(i(>7. 

-, zones of, 641. 

Yegetativo multiplication, 
579. 

Veins, 61. 

-of IcaTcs, 529. 

Velamen Dulicum, 511. 
Venation of leaves, 51. 
Vernation, 70. 

Versatile anther, 114. 
Verticillaster, 81. 
Vorticillate, 40. 

Vessels, 502. 

-, development of, 537. 

-, laticiferous, 514. 

Veiillary aistivation, 99. 


Voxjllum, 105. 

Villons, 02. 
Vinegtvr-plant, 555. 
Viscous, 62. 

Viscum, epidermis of, 
511. 

Vital force, .542. 
Vitality of seeds and 
spores, 54(5. 

Volalilc oils, .577. 
Volubilis, 38. 

Wax, excretion of, 578. 
Wliorleil, 40. 

AVinged. n't, 40. 

Winss, 105. 
Winter-buds, 70. 


Wood of Dicotyledons, 
520. 

Wood-region. .5(K1. 
Woody fibre, .501. 

Xanlbo-protein, 494. 

Veast-pl.ant, 554. 

Yew, woofl-cells of, 485. 
Y'ueea, stem of, 518. 

Zones of vegefation, 032, 
641. 

Zoospore.s, .552, 5il0. 

-, development of, 

fi35. 

-, movement of, 552, 


THE END. 
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